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Preface 


This  paper  represents  the  second  and  final  por- 
tion of  Bryan  Patterson  and  Walter  Segall's  study 
of  the  bony  anatomy  of  the  xenarthran  ear  region. 
The  history  of  this  project  was  outlined  by  Turn- 
bull  in  the  preface  to  Part  I— Cingulates  (Patterson 
et  al.,  1989).  To  review  it  briefly,  it  was  the  result 
of  a  decade  of  collaboration,  starting  some  time 
in  the  late  1 940s,  between  Patterson,  who  was  at 
that  time  Curator  of  Fossil  Mammals  at  the  Field 
Museum,  and  Segall,  a  research  associate  with  the 
museum  and  a  Chicago  area  physician  specializing 
in  eye,  ear,  nose,  and  throat.  Patterson  took  the 
only  copy  of  the  manuscript  with  him  to  Harvard 
when  he  left  the  museum  in  1955,  and  he  worked 
on  the  study  sporadically  in  the  ensuing  years. 
Much  to  Segall's  regret,  Patterson  never  completed 
it. 

As  was  detailed  in  Part  I,  after  Patterson's  and 
Segall's  deaths,  one  of  us,  William  Turnbull,  pulled 
together  what  could  be  found  of  the  original  manu- 
script and  figures  and  began  work  on  revising  them 
for  publication.  The  figures  were  photographed  on 
high  contrast  negatives  to  eliminate  some  of  the 
accumulated  damage.  The  figures  lacked  labels, 
except  for  a  few  of  Patterson's  penciled-in  nota- 
tions. The  labels  those  figures  now  bear  are  thus 
attributable  almost  entirely  to  the  work  of  the  lat- 
ter two  authors,  Turnbull  and  Gaudin.  We  decided 
on  the  features  to  be  labeled  according  to  our  in- 
terpretation of  what  was  needed  by  or  intended  in 
the  original  manuscript. 

This  second  part  of  the  original  study,  detailing 
the  anatomy  of  the  auditory  region  in  sloths,  ant- 
eaters,  and  palaeanodonts,  and  the  morphology  of 
the  ear  ossicles  for  the  order  as  a  whole,  was  far 
less  complete  than  the  first  half  of  the  study,  and 
far  less  straightforward  in  its  organization.  We  have 
therefore  made  much  more  substantial  additions 
and  revisions  of  this  manuscript  than  was  needed 
in  Part  I.  A  fair  amount  of  new  material  has  be- 
come available  for  these  groups  since  Patterson 
and  Segall  completed  the  bulk  of  the  work  on  this 
study.  We  have  examined  some  of  this  new  ma- 
terial, and  have  included  notes  on  new  specimens 
for  several  of  the  described  genera,  including  Glos- 
sotherium,  Lestodon,  Nothrotheriops,  Hapalops, 
Palaeanodon,  and  Metacheiromys.  As  in  Part  I, 
any  additions  or  revisions  made  to  the  paper  by 
the  latter  two  authors  are  set  off  in  square  brackets 
[  ]  so  that  they  can  be  distinguished  from  the  orig- 
inal work.  Other  taxa  that  were  not  discussed  in 
the  original  manuscript,  but  for  which  good  spec- 


imens are  now  available,  are  not  covered  here.  For 
further  information  on  the  auditory  region  in  these 
forms,  the  reader  is  referred  to  the  works  of 
Hirschfeld  and  Webb  (1968,  Pliometanastes),  Fi- 
scher (1971,  Mesocnus  and  Neocnus),  Hirschfeld 
(1985,  Pseudoprepotherium),  Frailey  (1986, 
Stenodon  and  Nothropus),  and  Webb  (1989,  Thi- 
nobadistes).  In  addition,  as  mentioned  in  Part  I, 
the  works  of  Guth(1956ab,  1957,  1961,  1962)  on 
the  temporal  region  of  xenarthrans  in  many  ways 
parallel  this  study,  but  they  are  based  on  a  com- 
pletely different  set  of  specimens  and  come  to 
somewhat  different  conclusions.  Guth's  1 96 1  pa- 
per, a  monograph  which  synthesizes  all  the  earlier 
work,  is  an  essential  companion  to  this  study  but 
is  difficult  to  obtain. 

In  Part  I,  Turnbull  discussed  how  difficult  a  task 
it  is  for  any  outside  party  to  join  in  an  effort  of 
this  sort,  not  knowing  why  the  original  study  was 
never  finished,  or  whether  or  not  the  first  two  au- 
thors would  have  wished  others  to  meddle  with 
their  work.  We  have  weighed  the  pros  and  cons 
of  the  situation  carefully  and  have  concluded  that 
Patterson  and  Segall  would  want  the  time,  effort, 
and  insight  invested  in  this  study  to  be  made  avail- 
able to  present  and  future  students  of  mammalian 
evolution,  and  that  they  would  approve  of  our 
decision  to  publish  their  manuscript.  We  hope  that 
in  our  various  additions  and  revisions  we  have 
done  the  two  senior  authors  no  disservice,  and  that 
the  information  contained  in  the  figures  and  de- 
scriptions of  this  monograph  proves  valuable  to 
those  interested  in  xenarthran  evolution  and  the 
structure  and  evolution  of  the  mammalian  audi- 
tory region  in  general.— W.D.T.  &  T.J.G. 

The  fortuitous  arrival  of  Tim  Gaudin  on  the 
scene  at  the  University  of  Chicago  in  the  Depart- 
ment of  Organismal  Biology  and  Anatomy  at  the 
precise  time  for  this  project  has  meant  that  this 
portion  of  the  Patterson-Segall  study  is  being  read- 
ied at  least  two  or  three  years  ahead  of  the  time  it 
would  have  taken  me  to  complete  the  work.  Fur- 
thermore, with  his  focus  so  directed  on  the  Xe- 
narthra,  it  is  an  ideal  collaboration.  Most  impor- 
tant, it  has  permitted  a  more  extensive  expansion 
of  the  original  manuscript  than  I  could  have  man- 
aged alone.  Hence,  this  has  been  a  true  collabo- 
ration, which  has  made  it  possible  to  maximize 
the  updating  that  was  needed.  And  for  me  per- 
sonally, it  is  great  to  gain  such  a  diligent  and  en- 
thusiastic young  colleague  to  work  with.— W.D.T. 
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Abstract 

This  paper  is  the  second  in  a  series  of  two  works  detailing  the  descriptive  and  comparative 
anatomy  of  the  xenarthran  ear  region  (basicranium  and  its  immediate  surrounds,  including  the 
middle  but  not  the  inner  ear).  The  study  was  begun  by  Patterson  and  Segall  in  1 945  and  continued 
until  Patterson's  departure  from  the  Field  Museum  in  1955,  but  was  never  completed.  Part  I 
(Patterson  et  al.,  1989)  covers  the  anatomy  of  the  auditory  region  in  cingulates,  i.e.,  armadillos, 
pampatheres,  and  glyptodonts.  This  paper  examines  the  auditory  anatomy  of  the  Pilosa,  i.e., 
sloths  and  anteaters,  and  the  Palaeanodonta.  Descriptions  are  provided  for  20  extinct  and  extant 
sloth  genera,  four  living  and  extinct  genera  of  anteaters,  and  three  genera  of  the  extinct  suborder 
Palaeanodonta.  In  addition,  a  section  detailing  the  morphology  of  the  auditory  ossicles  of  all 
groups  of  living  and  extinct  xenarthrans,  both  cingulates  and  pilosans,  is  included.  The  com- 
parative anatomy  of  this  region  of  the  xenarthran  skull  provides  new  evidence  in  support  of  a 
monophyletic  grouping  of  palaeanodonts  and  xenarthrans  exclusive  of  pangolins,  and  a  diphy- 
letic  origin  of  the  living  tree  sloths,  with  Choloepus  being  linked  to  the  extinct  family  Mega- 
lonychidae  and  Bradypus  to  the  extinct  family  Megatheriidae.  The  suggestion  is  also  put  forward 
(although  somewhat  weakly  supported)  that  the  Megatheriidae  and  Megalonychidae  form  a 
monophyletic  clade,  with  the  family  Mylodontidae  as  the  sister  group  to  this  clade. 


Introduction 

William  D.  Turnbull  and  Timothy  Gaudin 

This  work  (Pilosa)  constitutes  Part  II  of  the  orig- 
inal Patterson  and  Segall  manuscript  on  the  ear 
region  of  the  Xenarthra.  As  was  discussed  in  Part 
I  (Cingulates),  the  original  outline  of  the  study 
called  for  an  introduction  with  a  general  discussion 
of  the  anatomy  of  the  auditory  region,  a  main 
systematics  section,  and  a  conclusion.  Unfortu- 
nately, no  text  has  been  found  for  either  the  first 
or  last  section,  although  undoubtedly  such  text 
existed  at  some  time  in  the  past.  We  have  thus 
written  a  brief  introduction  and  conclusion  our- 
selves. The  introduction,  as  in  Part  I,  is  an  attempt 
to  provide  a  framework  for  the  study  as  a  whole, 
taking  into  account  the  probable  thinking  of  the 
two  original  authors.  The  conclusions,  which  are 
discussed  in  a  separate  section  at  the  end  of  the 
work,  were  drawn  solely  by  Turnbull  and  Gaudin. 


We  have  tried  to  stress  the  implied  and  stated 
conclusions  of  the  first  two  authors  while  taking 
into  account  our  current  understanding  of  pilosan 
phylogeny  and  palaeanodont  relationships.  The 
systematic  portion  of  the  manuscript  (Descriptive 
Anatomy)  contains  entirely  new  descriptions  of  27 
fossil  and  Recent  taxa,  as  well  as  an  additional 
section  on  xenarthran  auditory  ossicles.  More  sub- 
stantial changes  have  been  made  to  this  part  of 
the  study  than  was  the  case  in  Part  I.  These  changes 
were  made  necessary  by  the  incompleteness  of  the 
manuscript,  and  by  the  fact  that  in  places  the  orig- 
inal authors'  intended  organization  of  the  manu- 
script was  unclear.  Several  descriptions  had  to  be 
written  for  specimens  that  had  been  figured  by 
Patterson  and  Segall  but  lacked  an  accompanying 
text.  Other  descriptions  were  written  for  speci- 
mens that  were  unavailable  to  the  first  two  au- 
thors. In  addition  to  these  major  changes,  minor 
changes  have  been  included  to  expand  upon  cer- 
tain points,  to  correct  inconsistencies,  to  account 
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for  taxonomic  changes,  and,  in  a  few  instances,  to 
provide  contrasting  interpretations. 

As  stated  in  Part  I,  Patterson  and  Segal  1  had 
several  goals  in  mind  when  they  began  their  work. 
First,  they  were  interested  in  expanding  upon  the 
knowledge  gained  by  earlier  students  of  the  mam- 
malian auditory  region,  especially  as  contained  in 
the  works  of  van  Kampen  (1905)  and  van  der 
Klaauw  (1931b).  The  two  were  also  interested  in 
reinterpreting  xenarthran  phylogeny,  considering 
both  fossil  and  Recent  taxa,  and  using  what  they 
obviously  felt  was  a  somewhat  neglected  anatom- 
ical source.  Being  rather  conservative  men  in  their 
approach  to  systematics,  Patterson  and  Segall 
would  certainly  have  been  cautious  in  their  inter- 
pretation of  this  single  character  complex,  but  nev- 
ertheless they  hoped  for  some  insight  into  what 
was  at  that  time  (and  in  some  ways  remains  today) 
the  uncertain  state  of  xenarthran  systematics.  It 
seems  likely  that  this  attempt,  primarily  on  the 
part  of  Patterson,  to  sort  out  the  phylogenetic  im- 
plications of  the  study  accounted  in  large  part  for 
the  long  delays  in  preparation  of  the  study  for  final 
publication,  delays  necessitated  by  repeated  re- 
vision attempts. 

Several  of  the  ideas  generated  by  Patterson's 
early  collaboration  with  Segall  appeared  in  pub- 
lished form  in  the  later  works  of  Patterson  and 
Pascual  (1968,  1972),  including  the  suggested  di- 
phyletic  origin  of  the  two  extant  tree  sloth  genera. 
The  phylogeny  presented  in  these  works  gives  us 
some  idea  of  Patterson's  ultimate  systematic  con- 
clusions. As  was  mentioned  in  Part  I,  Patterson 
and  Pascual  divided  the  Xenarthra  into  three  in- 
fraorders— the  Cingulata,  Vermilingua,  and  Pilo- 
sa.  Such  a  trichotomous  split  of  xenarthrans  has 
been  challenged  recently  by  Engelmann  (1978, 
1985),  who  has  presented  strong  morphological 
evidence  linking  the  Pilosa  and  Vermilingua  into 
a  single  monophyletic  lineage  to  which  Engelmann 
applies  the  term  Pilosa  (he  created  the  term  "Phyl- 
lophaga"  to  refer  to  the  sloths).  This  alliance  of 
sloths  and  anteaters  has  been  supported  by  one  of 
us  on  the  basis  of  a  phylogenetic  analysis  of  au- 
ditory region  characters  based  in  part  on  this  study 
(Gaudin,  1 990).  We  will  discuss  this  matter  further 
in  the  Conclusions,  but  for  introductory  and  or- 
ganizational purposes  we  will  follow  the  arrange- 
ment of  Patterson  and  Pascual  (1968,  1972),  who 
subdivided  the  sloths  and  anteaters  as  follows  (note: 
Patterson  and  Pascual's  phylogeny  only  covered 
subfamilial  groups  and  higher  taxonomic  units— 
the  generic  contents  of  these  subfamilies  are  based 
on  de  Paula  Couto,  1979,  except  where  noted): 


Infraorder  Pilosa 

Superfamily  fMylodontoidea 
Family  fMylodontidae 
Subfamily  fOctomylodontinae 

"fOctomylodon  (Scillato-Yane,  1977) 
Subfamily  t  Mylodontinae1 

\Octodontotherium 

"fOrophodon 

fA  nalcitherium 

"\Nematherium 

fPseudoprepotherium  (Hirschfeld,  1985) 

"\Promylodon 

IfSphenotherus 

■fStenodon  (Frailey,  1986) 

^Ranculcus 

^Thinobadistes  (Webb,  1989) 

^Pleurolestodon 

^Lestodon 

fGlossotherium 

ifParamylodon  (Engelmann,  1985) 

ifMylodon 
Subfamily  tScelidotheriinae 

^Neonematherium 

ifChubutherium 

"fElassotherium 

"fProscelidodon  (McDonald,  1987) 

fCatonyx  (=  "\Scelidodori)  (McDonald, 
1987) 

t Seel idol  her ium 
Superfamily  Megatherioidea 
Family  Megatheriidae 
Subfamily  Bradypodinae 

Bradypus 
Subfamily  fPlanopsinae 

'\Prepotherium 

fPlanops 
Subfamily  fNothrotheriinae 


1  [The  contents  of  this  subfamily  are  somewhat  con- 
troversial. Engelmann  (1985)  would  restrict  the  term  to 
the  terminal  Plio-Pleistocene  genera  Mylodon,  Para- 
mylodon,  Glossotherium,  Lestodon,  and  Thinobadistes, 
which  he  places  as  the  sister  group  to  the  subfamily 
Scelidotheriinae.  Furthermore,  he  excludes  all  Miocene 
and  Oligocene  mylodonts  from  both  of  the  aforemen- 
tioned subfamilies,  except  for  the  Santacrucian  genus 
Nematherium,  which  he  includes  with  scelidotheres. 
Webb  (1989)  follows  Engelmann  in  placing  the  sceli- 
dotheres as  a  sister  group  to  Engelmann's  Mylodontinae, 
but  he  takes  two  genera,  Lestodon  and  Thinobadistes, 
from  Engelmann's  group  and  places  them  in  the  separate 
subfamily  Lestodontinae.  Moreover,  he  places  the  gen- 
era Ranculcus  and  Pleurolestodon  in  the  Mylodontinae, 
and  he  considers  two  Miocene  forms,  Octomylodon  and 
Pseudoprepotherium,  to  be  more  closely  related  to  the 
mylodontines  than  are  the  scelidotheres.] 
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"\Schismotherium2 

fPelecyodon2 

fProschismotherium 

\Hapaloides 

fHapalops 

fEucholoeops 

fHyperleptus 

\A  nalcimorph  us 

fMegalonychotherium 

fNeohapalops 

fSenetia 

fPronothrotherium 

"\Nothropus 

"fDiheterocnus 

fSynhapalops 

^Nothrotherium 

~$Nothr other iops 
Subfamily  fMegatheriinae 

\Promegatherium 

~\Plesiomegatherium 

fParamegatherium  (Hoffstetter,  1958) 

"fMegathericulus 

fMegat  her  iops  (Rovereto,  1914) 

fMegatheridium 

"fPyramiodontherium 

^Eremotherium 

^Megatherium 
Family  Megalonychidae 
Subfamily  Choloepinae 

Choloepus 
Subfamily  fOcnopinae 

^Ocnopus 
Subfamily  fOrtotheriinae 

fOrtotherium 

fPliomorphus 

"fNeocnus 

"\Acratocnus 

\Miocnus 

"\Synocnus 

fPaulocnus3 


2  [Note  that  Patterson  and  Segall  have  placed  these 
two  taxa  in  a  "group"  unto  themselves  in  the  systematics 
section  of  this  study,  implying  subfamilial  distinction. 
We  have  found  no  other  suggestion  for  a  subfamily 
"Schismotheriinae"  elsewhere  in  the  literature,  and  be- 
cause it  seems  clear  from  the  Patterson  and  Pascual  phy- 
togeny that  such  a  subfamily  would  have  to  have  some 
close  relationship  with  nothrotheres,  we  prefer  to  leave 
the  two  genera  in  the  Nothrotheriinae  for  the  time  being, 
rather  than  designate  an  entirely  new  subfamily.] 

3  [This  genus  was  placed  in  the  Megalonychinae  by 
Webb  and  Perrigo  (1985).] 


Subfamily  fMegalocninae 
fMesocnus 
fMegalocnus 
Subfamily  fMegalonychinae 
fProtomegalonyx 
fPliometanastes 

^Meizonyx  (Webb  and  Perrigo,  1985) 
fMegalonyx 
Infraorder  Vermilingua 

Family  Myrmecophagidae 

Myrmecophaga  (=  fNeotamandua) 
Tamandua 
Cyclopes 
fProtamandua 
"fPalaeomyrmidon 

In  the  original  manuscript,  Patterson  and  Segall 
appear  strongly  in  favor  of  a  relationship  between 
palaeanodonts  and  xenarthrans,  and  deny  any  spe- 
cial resemblances  between  the  former  group  and 
pangolins.  With  the  publication  of  Emry's  1970 
monograph  on  the  Oligocene  genus  Patriomanis, 
in  which  Emry  relegates  the  palaeanodonts  to  the 
order  Pholidota,  Patterson  seemed  to  have  soft- 
ened his  stand  somewhat.  In  Patterson  and  Pas- 
cuaPs  1972  paper,  the  two  authors  refuse  to  en- 
dorse Emry's  placement  of  the  palaeanodonts,  nor 
do  they  clearly  favor  xenarthran  affinities  for  this 
group.  They  state  rather  that,  with  the  accumu- 
lation of  further  evidence,  the  relationship  of  pa- 
laeanodonts to  other  extant  and  extinct  orders  of 
mammals  will  become  clearer.  We  discuss  the 
phylogenetic  implications  of  the  palaeanodont  au- 
ditory region  below.  For  the  purposes  of  providing 
a  preliminary  taxonomic  framework,  we  follow 
Rose  et  al.  (1991)  in  placing  palaeanodonts  in  the 
suborder  Palaeanodonta,  order  Incertae  Sedis.  The 
suborder  is  divided  as  follows: 

Family  fMetacheiromyidae 

fPropalaeanodon 

fPalaeanodon 

fMetacheiromys 
Family  fEpoicotheriidae 

fA  melot  abes 

fDipassulus 

fTetrapassulus 

fPentapassulus 

"fXenocranium 

fEpoicotherium 

fTubulodon 

The  abbreviations  used  in  the  figures  are  for  the 
most  part  standard;  a  detailed  listing  is  provided 
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in  the  Appendix.  The  systematic  section  of  the 
original  manuscript  is  written  in  a  style  that  com- 
bines discussion  with  description,  and  sometimes 
even  includes  conclusions.  The  overall  conclu- 
sions, however,  were  drawn  by  Turnbull  and  Gau- 
din,  and  appear  in  the  Conclusions  section  at  the 
end  of  the  work. 


Descriptive  Anatomy 

Sloths 

The  M ylodont  Division 

The  Mylodontines 

Mylodon  darwinii,4  fmnh  PI 4288,  Pampean  For- 
mation, Pleistocene,  Buenos  Aires,  Argenti- 
na. Figure  1. 

The  tympanic  is  missing.  It  was  evidently  small 
and  ringlike,  essentially  similar  in  position  and 
relation  to  that  of  Choloepus.  [Patterson  and  Segall 
use  the  terms  "ringlike"  and  "horseshoe-shaped" 
tympanic  somewhat  interchangeably.  As  a  general 
rule,  however,  they  refer  to  a  nearly  closed  horse- 
shoe-shaped tympanic  as  "ringlike,"  and  reserve 
the  term  "horseshoe-shaped"  for  a  more  dorsally 
open  structure.]  The  superficies  meatus  [the  groove 
on  the  ventral  surface  of  the  squamosal  lateral  and 
dorsal  to  the  tympanum]  is  merely  a  small  ridge 
that  forms  a  sharp  angle  with  the  vertical  zygo- 
matic root.  The  glenoid  fossa  is  situated  well  an- 
terior to,  and  has  no  relation  with,  the  external 
canal.  The  fossa  is  rounded-triangular  with  the 
apex  directed  posteriorly,  and  is  gently  concave 
transversely.  The  posterior  root  of  the  zygoma  is 
directed  anterolaterally,  a  contrast  to  Megalocnus, 
in  which  the  direction  is  lateral. 


4  [Patterson  and  Segall  noted  that  several  of  the  ani- 
mals that  were  referred  to  as  Mylodon  by  van  der  KJaauw, 
1931a  (M.  robustus,  M.  lettsoni),  actually  belong  to  the 
genus  Glossotherium  (Kraglievich,  1 928).  The  genus  My- 
lodon can  be  distinguished  from  Glossotherium  by,  among 
other  things,  the  loss  of  the  anteriormost  upper  tooth 
(Kraglievich,  1928;  Engelmann,  1985;  Webb,  1989). 
Owen's  "Glossotherium"  darwinii  has  but  four  upper 
teeth,  and  thus  is  properly  placed  in  the  genus  Mylodon 
(as  above  and  in  van  der  KJaauw,  1931a).  It  should  be 
noted  here  as  well  that  the  name  Neomylodon,  used  by 
van  der  KJaauw  (1931a),  was  synonymized  with  Mylo- 
don by  Kraglievich  (1928).] 


The  entotympanic  consists  of  two  plates  united 
dorsally  beneath  the  periotic  to  form  a  sagittal 
groove  for  the  internal  carotid;  two  small  foramina 
leading  to  the  tympanic  cavity  pierce  the  roof  of 
the  groove.  The  medial  plate  lies  in  the  parasagittal 
plane.  It  is  considerably  shorter  than  the  lateral 
and  is  suturally  united  with  the  basioccipital  pos- 
teriorly and  medially.  The  thickened  posterior  part 
of  its  ventral  margin  participates  in  the  basicranial 
area  [more  specifically,  it  forms  a  portion  of  the 
flat  basicranial  plate  located  between  the  auditory 
regions  of  either  side  of  the  skull,  this  plate  nor- 
mally being  formed  exclusively  by  the  basioccip- 
ital and  basisphenoid].  Anteriorly  this  margin  is 
sharp,  recedes  dorsally,  and  forms  the  lateral  bor- 
der of  the  foramen  lacerum  medium.  In  the  spec- 
imen studied  by  van  der  KJaauw  (1931a,  pp.  638- 
639,  fig.  2)  the  medial  plate  is  smaller  than  in  our 
[specimen],  and  shows  no  posterior  thickening,  dif- 
ferences that  may  be  due  to  breakage. 

The  lateral  plate  consists  of  two  portions,  a 
thickened  posterior  part  and  a  deep,  narrow  an- 
terior part.  The  posterior  portion  is  united  by  su- 
ture with  the  exoccipital  posteriorly  and  with  the 
mastoid  posteriorly  and  laterally;  it  is  in  contact 
with  the  tympanohyal  laterally.  It  forms  the  me- 
diorostral  part  of  the  fossa  for  the  stylohyal.  [The 
fossa  for  the  stylohyal  is  a  large  oval  articular  facet 
for  the  stylohyal  element  of  the  hyoid  arch.  It  is 
formed  by  several  bones  of  the  auditory  region, 
usually  but  not  always  including  the  tympanohyal, 
mastoid,  exoccipital,  and  entotympanic.  It  is  a  fea- 
ture unique  to  sloths.]  The  sutures  in  the  specimen 
studied  by  van  der  Klaauw  (1931a,  pp.  638-639) 
were  not  sufficiently  distinct  for  him  to  be  certain 
on  this  point  or  on  the  relations  of  periotic  and 
entotympanic  within  the  foramen  lacerum  pos- 
terium.  The  specimen  at  hand  shows  that  the  en- 
totympanic extended  dorsally  within  the  foramen 
for  a  short  distance  only.  This  posterior  portion 
of  the  entotympanic  continues  without  interrup- 
tion into  the  ventral  margin  of  the  paroccipital 
process,  which  is  feebly  developed  and  inclined 
anteriorly.  The  anterior  portion  of  the  lateral  plate 
is  directed  anteriorly  and  very  slightly  medially. 
The  lateral  face  of  this  plate  has  a  triangular  shape, 
with  the  apex  interposed  dorsally  between  the  pro- 
montorium  and  pterygoid.  The  dorsal  margin  of 
this  portion  of  the  bone  thus  curves  around  the 
promontorium,  contrary  to  van  der  Klaauw's 
statement.  This  discrepancy  is  doubtless  due  to 
imperfect  preservation  of  his  specimen,  in  which, 
to  judge  from  his  account,  the  anterior  extremity 
of  this  portion  of  the  bone  was  missing.  The  an- 
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terior  margin  is  suturally  connected  with  the  pter- 
ygoid. The  lateral  wall  is  rather  deeply  concave 
immediately  ventral  to  the  promontorium.  Below 
this  concavity,  the  wall  is  thickened  and  bent 
somewhat  laterally,  participating  to  a  slight  extent 
in  the  formation  of  the  tympanic  cavity.  The  ven- 
tral margin  is  thin  and  sharp.  Anterior  and  pos- 
terior portions  of  the  lateral  plate  of  the  entotym- 
panic  meet  laterally  at  a  right  angle,  the  posterior 
portion  swinging  out  to  extend  to  the  tympanohy- 
al.  Dorsally,  this  outswung  portion  recedes  sharply 
posteriorly  beneath  the  periotic,  thus  participating 
also  in  the  floor  of  the  tympanic  cavity. 

Posteriorly  the  pterygoid  diverges  into  two  por- 
tions, both  of  which  are  inflated.  The  inflation  of 
the  lateral  portion  involves  also  a  small  part  of  the 
squamosal;  the  foramen  rotundum  [lapsus:  ovale 
is  what  was  intended]  runs  through  this  area.  The 
medial  portion  forms  a  protuberance  on  the  ven- 
tral side  of  the  cranial  floor,  in  which  the  basi- 
sphenoid  is  involved  to  a  slight  extent.  The  lateral 
plate  of  the  entotympanic  extends  forward  to  this 
structure.  Between  the  two  portions  of  the  ptery- 
goid there  is  a  long  and  rather  well-defined  groove 
that  evidently  housed  the  Eustachian  tube. 

The  tympanohyal  is  particularly  well  shown  in 
this  specimen.  It  is  directed  ventrally  and  slightly 
posterolaterally,  whereas  that  of  Megalocnus  is  di- 
rected almost  directly  ventrally.  [We  were  able  to 
detect  little  difference  in  the  direction  of  the  tym- 
panohyal in  Mylodon  and  Megalocnus.]  It  consti- 
tutes a  minor  portion  of  the  fossa  for  the  stylohyal; 
the  fossa  has  a  slight  but  definite  lateral  inclina- 
tion. The  epi tympanic  recess  is  large  and  nearly 
circular;  there  is  no  indication  of  a  connection  with 
a  sinus  in  the  surrounding  elements.  [Note:  The 
epitympanic  recess  is  a  dorsal  extension  of  the 
middle  ear  cavity  above  the  level  of  the  tympanum 
that  contains  the  incudo-mallear  articulation 
(MacPhee,  1981).  The  epitympanic  sinus  is  an  ac- 
cessory air  space  that  connects  to  this  recess  (van 
der  Klaauw,  1931b).]  The  mastoid  process  of  the 
periotic  is  large  and  well  exposed  on  the  [lateral] 
surface  of  the  skull.  [The  process  that  Patterson 
and  Segall  refer  to  as  the  mastoid  process  in  this 
work  and  in  Part  I  is  typically  a  compound  struc- 
ture, formed  in  part  by  the  mastoid  and  in  part  by 
the  posttympanic  portion  of  the  squamosal.]  Its 
width  [i.e.,  the  width  of  the  mastoid]  is  approxi- 
mately the  same  throughout  its  course,  and  the 
sutures  between  it  and  the  squamosal  and  supra- 
and  exoccipital  are  very  clear  in  this  specimen.  It 
[the  mastoid]  forms  the  major  part  of  the  fossa  for 
the  stylohyal. 


The  internal  carotid  ran,  as  already  stated,  in 
the  large  groove  between  the  lateral  and  medial 
plates  of  the  entotympanic.  Two  small  vascular 
foramina  leave  this  groove  and  enter  the  cavum 
tympani.  At  the  anterior  end  of  the  groove  is  the 
elongate  foramen  lacerum  medium.  There  is  no 
postglenoid  foramen  and  no  major  venous  foram- 
ina along  the  squamoso-parietal  suture.  The  mas- 
toid foramen  is  small,  slitlike,  and  situated  lateral 
to  the  fossa  for  the  stylohyal.5  In  correlation  with 
these  conditions,  the  foramen  lacerum  posterium 
is  large,  and  a  major  sinus  left  the  cranial  cavity 
via  the  foramen  magnum.  [Patterson  and  Segall 
claim  that  the  very  large  groove  running  from  the 
inside  of  the  foramen  lacerum  posterium  to  the 
foramen  magnum  carried  a  venous  sinus.  No  such 
sinus  is  present  in  living  sloths,  or  in  any  other 
extant  xenarthran  of  which  we  are  aware.  The  only 
justification  that  we  can  see  for  assuming  that  this 
groove  carried  a  venous  sinus  is  its  large  size.]  The 
jugular  canal  [i.e.,  foramen  lacerum  posterium]  is 
directed  anteroventrally.  The  foramen  is  bordered 
anteriorly  by  the  entotympanic,  medially  by  the 
basioccipital,  posteriorly  and  laterally  by  the  ex- 


5  [Patterson  and  Segall's  use  of  the  term  "mastoid  fo- 
ramen" for  this  opening  in  Mylodon  and  other  pilosans 
is  somewhat  problematic.  The  mastoid  foramen  is  typ- 
ically defined  as  an  opening  for  a  mastoid  emissary  vein, 
and  is  usually  situated  on  or  near  the  suture  between  the 
mastoid  and  occipital  bones  (Wahlert,  1 974;  Kielan-Ja- 
worowska  et  al.,  1986).  In  Part  I  of  this  work  (Patterson 
et  al.,  1989),  Patterson  and  Segall  use  this  term  to  de- 
scribe a  ventrally  situated  foramen  found  in  cingulates 
at  or  near  the  suture  between  the  mastoid  and  squamosal. 
This  foramen  opens  into  a  vertical  canal  that  courses 
along  the  posterior  margin  of  the  occipital  crest  before 
opening  onto  the  occiput  again  more  dorsally.  According 
to  the  work  of  Tandler  (1899),  this  canal  transmits  the 
occipital  artery,  and  not  the  mastoid  emissary  vein. 
Within  the  dorsal  portion  of  this  canal  is  a  second  fo- 
ramen, again  lying  on  the  petrosquamous  suture,  and 
leading  into  a  canal  that  runs  anteriorly  into  the  brain- 
case.  This  foramen  is  the  opening  into  the  braincase  for 
the  arteria  diploetica  magna  (Wible,  1984). 

Within  the  Pilosa,  the  term  "mastoid  foramen"  is  used 
to  describe  two  different  foramina.  In  Mylodon,  other 
mylodonts,  and  the  genera  Megalonyx  and  Megalocnus, 
the  "mastoid  foramen"  is  like  that  of  the  cingulates— a 
ventral  opening  leading  into  a  vertical  canal  behind  the 
occipital  crest,  presumably  carrying  the  occipital  artery. 
In  other  pilosans,  including  Acratocnus  and  the  genera 
of  the  Bradypus/ Megatherium  division,  the  ventral  fo- 
ramen and  canal  are  absent.  In  their  place  we  find  a 
groove  running  behind  the  occipital  crest  for  the  occipital 
artery,  and  a  more  dorsal  foramen  opening  into  an  an- 
teriorly directed  canal.  This  second  "mastoid  foramen" 
is  presumably  the  opening  for  the  arteria  diploetica  mag- 
na.] 
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occipital.  The  groove  within  the  tympanic  cavity 
for  the  facial  nerve  is  especially  deep  due  to  the 
well-developed  crista  facialis.  After  leaving  the 
cavity,  the  nerve  enters  a  ventrolaterally  directed 
canal  formed  by  the  tympanohyal,  mastoid,  and 
squamosal.  The  orifice  of  this  canal  is  bounded  by 
the  same  elements  and  is  therefore  a  foramen 
primitivum;6  it  is  situated  squarely  in  front  of  the 
fossa  for  the  stylohyal,7  a  peculiarity  of  Megatheri- 
um. [Patterson  and  Segall  had  written  Meg.  here. 
From  our  comparisons  it  is  evident  that  they  in- 
tended Megatherium  with  the  abbreviation.] 
At  the  anterior  end  of  the  crista  facialis  there  is 


6  [Patterson  and  Segall's  use  of  the,  terms  "foramen 
primitivum"  and  "foramen  definitivum"  are  somewhat 
different  from  common  usage  today.  MacPhee  (1981) 
defines  the  foramen  primitivum  as  the  membranous 
opening  for  the  exit  of  the  facial  nerve  in  fetal  and  some 
adult  mammals,  and  the  foramen  definitivum  as  an  os- 
seous opening  that  often  appears  later  in  development 
and  is  formed  by  various  bony  elements,  including  the 
tympanohyal,  petrosal,  entotympanic,  and  tympanic. 
Patterson  and  Segall  follow  van  der  Klaauw's  (1931b) 
usage  of  the  two  terms,  wherein  the  foramen  primitivum 
is  a  primitive  condition  of  MacPhee's  foramen  defini- 
tivum, an  opening  for  the  facial  nerve  with  ossified  walls 
formed  by  the  tympanohyal  and  mastoid  only.  Van  der 
Klaauw's  foramen  definitivum  is  a  derived  feature  in 
which  a  secondary  foramen  forms  lateral  to  the  "foramen 
primitivum."  The  borders  of  this  second  foramen  are 
variably  composed  of  tympanic,  squamosal,  mastoid, 
tympanohyal,  and  exoccipital  elements.] 

7  [This  is  a  modification  of  a  more  typical  xenarthran 
condition  in  which  the  stylomastoid  foramen  is  situated 
lateral  or  slightly  anterolateral  to  the  tip  of  the  tympa- 
nohyal. This  xenarthran  condition  is  itself  fairly  unusual, 
for  the  primitive  eutherian  condition  is  to  have  a  fora- 
men located  posterior  to  the  tympanohyal.  The  lateral 
position  of  the  foramen  in  xenarthrans  appears  to  be  due 
to  an  enlargement  of  the  tympanohyal  in  the  ventral 
direction,  so  that  it  forms  a  floor  to  the  canal  for  the 
facial  nerve,  and  the  posterior  direction,  so  that  it  con- 
tinues on  posterior  to  the  canal  and  fuses  to  the  mastoid 
at  its  distal  extremity.  In  some  genera,  the  facial  nerve 
may  then  wrap  around  the  base  of  the  tympanohyal  lat- 
erally and  anteriorly.  The  xenarthran  condition  is  un- 
usual for  eutherian  mammals,  but  similar  morphologies 
do  occur  in  other  eutherians  and  in  monotremes.  Van 
Kampen  ( 1 905)  described  the  fusion  of  the  tympanohyal 
to  the  mastoid  in  the  echidna  and  pangolin  (although  in 
the  latter  the  stylomastoid  foramen  remains  posterior  to 
the  tympanohyal),  and  he  figured  a  laterally  placed  sty- 
lomastoid foramen  in  the  Proboscidea.  Van  der  Klaauw 
(1931b)  mentions  several  families  of  eutherians  in  which 
the  tympanohyal  participates  in  the  border  of  the  "fo- 
ramen definitivum"  (sensu  Patterson  and  Segall),  and  of 
these  the  Sirenia,  Felidae,  and  Viverridae  appear  to  show 
a  condition  similar  to  that  found  in  xenarthrans.  The 
condition  also  appears  to  be  present  in  the  Soricidae 
(McDowell,  1958),  Potamogale  (McDowell,  1958),  and 
Hemicentetes  (MacPhee,  1981).] 


the  usual  enlargement,  which  is  here  a  relatively 
small,  transversely  enlarged  plate  that  is  appar- 
ently not  in  contact  with  other  elements  except, 
possibly,  the  anterior  crus  of  the  tympanic. 


Mylodontidae,  gen.  et  sp.  indet. 

An  isolated  left  tympanic  collected  by  Dr.  Rob- 
ert T.  Hatt  from  a  Pleistocene  deposit  in  Yucatan 
may  be  referred  with  confidence  to  some  member 
of  this  family,  tentatively  referred  to  Paramylodon 
by  Hatt  (1953).8  We  are  indebted  to  Dr.  Hatt  for 
the  opportunity  to  describe  this  specimen. 

The  bone  as  a  whole  is  primitive,  being  little 
advanced  beyond  the  simple  arcuate  type.  Both 
crura  are  incomplete,  the  posterior  less  so  than  the 
anterior.  As  in  Choloepus  and  the  generalized  Santa 
Cruz  megalonychids,  the  posterior  crus  is  more 
slender  and  curved  than  the  anterior  and  has  a 
gently  rounded  posterior  face.  The  anterior  crus  is 
in  comparison  somewhat  expanded  anteroposte- 
riorly,  the  anterior  margin  is  straight,  and  the  an- 
terior face  flat  below  and  very  slightly  concave 
above,  the  concave  part  possibly  marking  the  ven- 
tral extremity  of  a  sulcus  malleolaris.  The  ventral 
portion  of  the  bone  thickens  toward  a  blunt  sty- 
liform  process,  which  is  very  slightly  concave  me- 
dially. The  process  lies  in  the  same  plane  as  the 
crura,  and  there  is  no  indication  whatever  of  lateral 
or  medial  expansion  of  the  bone.  The  sulcus  tym- 
panicus  and  crista  tympanica  are  prominent,  the 
latter  especially  being  better  defined  than  in  Cho- 
loepus; the  crista  terminates  halfway  up  the  pos- 
terior crus. 

Length  across  crura  2 1 .4  mm. 


"Mylodon"  garmani,  mcz  8429,  Pleistocene  of  Ne- 
braska (Allen,  1913). 

The  specimen  is  a  little  crushed  laterally  and 
this,  as  van  der  Klaauw  suspected,  has  squashed 
the  entotympanic  a  bit. 

The  tympanic  is  essentially  as  he  has  described 
it;  the  most  striking  thing  about  it  is  the  greater 
depth  as  compared  to  the  length  (depth  26.6,  length 
19.1).  It  lies  against  the  entotympanic  at  the  junc- 


8  [This  description  has  already  been  published,  word 
for  word,  in  Hatt  (1953).  Hatt's  paper  also  includes  a 
drawing  of  the  tympanic.  We  republish  here  the  descrip- 
tion and  associated  drawing  (fig.  21  A)  for  the  conve- 
nience of  the  reader.] 
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tion  of  the  hollow  dorsal  part  and  the  vertical  ven- 
tral plate  of  the  latter  (see  description  of  Sceli- 
dotherium).  The  two  bones  are  in  contact  only; 
they  are  not  suturally  united. 

The  entotympanic  lateral  ridge  is  very  thin  ven- 
trally,  and  there  is  a  visible  suture  between  it  and 
the  large  paroccipital  process.  Behind  the  tym- 
panic the  entotympanic  expands  laterally  to  form 
the  medial  part  of  the  stylohyal  fossa,  as  in  My- 
lodon  darwinii.  The  tympanohyal  is  in  the  usual 
place  lateral  to  this  expanded  part  and  forming  the 
anterior  portion  of  the  stylohyal  fossa.  Its  anterior 
rim  is  so  thoroughly  confluent  with  the  rim  of  the 
mastoid  portion  of  the  fossa  that  its  identity  is 
largely  obliterated.  Van  der  Klaauw  has  mistaken 
the  lateral  enlargement  of  the  entotympanic  for 
the  tympanohyal.  The  medial  portion  of  the  tym- 
panic, so  far  as  preserved,  shows  nothing  unusual. 

The  stylohyal  is  very  wide  proximally,  extend- 
ing posteroventrally  below  and  behind  the  artic- 
ular surface.  Its  distal  end  is  irregular  and  stocky 
and  much  more  robust  than  in  Nothrotheriops.9 


Lestodon  myloides,  juv.  amnh  11270,  Pampean 
Formation,  Pleistocene  of  Argentina  (van  der 
Klaauw,  1931b). 

Notes  on  van  der  Klaauw's  description  (193  lb, 
p.  309): 

The  sulcus  tympanicus  is  very  close  to  the  out- 
side of  the  ring,  thus  all  the  expansion  is  medial. 
His  element  x  is  merely  an  anterior  part  of  the 
entotympanic  that  is  partially  separated  ventrally 
from  the  larger,  more  ventrally  projecting  ventral 
part  by  a  groove.  Apart  from  the  groove,  the  two 
parts  are  continuous;  this  can  very  clearly  be  seen 
within  the  tympanic  cavity,  where  the  two  form  a 
smoothly  flowing  curve  under  the  periotic. 

Many  of  the  peculiarities  pointed  out  by  van  der 
Klaauw  are  no  doubt  due  to  the  extreme  youth  of 
this  specimen. 

The  recessus  epitympanicus  is  small  in  com- 
parison with  those  of  the  megalonychids  and 
megatheres. 


Paramylodon  and  Glossotherium 

Paramylodon.—  The  entotympanic  is  probably 
shorter,  especially  posteriorly,  than  in  Mylodon 


[See  footnote  14,  p.  27.] 


and  scelidotheres;  the  caudal  end  has  an  expansion 
medial  to  the  fossa  for  the  stylohyal  as  in  Mylodon. 
The  paroccipital  and  mastoid  [processes]  are  low 
as  in  Mylodon.  The  fossa  for  the  stylohyal  extends 
farther  back  than  in  Mylodon,  reaching  to  the  level 
of  the  anterior  border  of  the  condylar  foramen. 
The  foramen  lacerum  posterium  is  more  lateral  in 
relation  to  the  condylar  foramen  than  in  Mylodon 
and  the  scelidotheres.  (The  periotic  may  extend 
ventrally  closer  to  the  basis  cranii  than  in  other 
forms.) 

Glossotherium  (fide  Owen's  figures  (Owen, 
1842))  appears  to  agree  closely  with  Paramy- 
lodon. The  fossa  for  the  stylohyal  may  not  extend 
as  far  posteriorly.  [Guth  (1961)  describes  and  fig- 
ures specimens  of  Glossotherium  that  have  a  My- 
lodon-style  entotympanic  extending  from  the  pter- 
ygoid to  the  paroccipital  process  and  bearing  a 
medial  sulcus  for  the  internal  carotid  artery.  This 
morphology  is  in  strong  contrast  to  the  short,  blocky 
entotympanic  described  for  this  taxon  by  van  der 
Klaauw  ( 1 93 1  b)  and  figured  by  Owen  ( 1 842).  The 
Field  Museum  collections  also  contain  a  specimen 
of  this  genus  (PI 25 19),  from  the  Pleistocene  La 
Brea  tar  pits  of  California,  that  compares  favor- 
ably with  the  descriptions  of  van  der  Klaauw  and 
the  figures  of  Owen.  It  is  possible  that  the  ento- 
tympanic is  simply  highly  variable  in  its  mor- 
phology in  this  genus.  It  is  also  possible  that  the 
specimens  examined  by  Guth  are  misidentified 
specimens  of  Mylodon.  Having  not  had  the  op- 
portunity to  examine  Guth's  specimens  firsthand, 
we  cannot  say  which  is  the  more  likely  of  the  two 
alternatives.] 


Octodontotherium  grandae,  fmnh  PI 36 16.  Fig- 
ure 2. 

[One  of  the  Field  Museum  specimens  of  this 
early  mylodont  was  figured  by  Patterson  and  Se- 
gall,  but  a  description  was  not  included  in  the 
manuscript.  Given  the  presence  of  the  figure,  and 
the  fact  that  this  genus,  from  the  Deseadan  of  South 
America  (Hoffstetter,  1954),  represents  one  of  the 
earliest  pilosans  known  from  reasonably  well-pre- 
served cranial  material,  we  felt  it  important  to 
include  a  description  of  its  anatomy  in  the  paper. 

The  specimen  is  quite  incomplete.  The  tym- 
panic is  absent.  Most  of  the  entotympanic  is  miss- 
ing, as  is  much  of  the  lateral  portion  of  the  basi- 
cranium.  The  squamosal  bears  two  small  facets 
for  the  tympanic.  These  facets  indicate  that  the 
tympanic  was  a  small,  almost  complete  ring,  with 
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a  very  small  incisura  tympanica.  The  superficies 
meatus  of  the  squamosal  is  larger  than  that  of 
Mylodon.  It  is  located  posterior  and  ventral  to  the 
root  of  the  zygoma  and  forms  a  wide,  shallow 
embayment  that  tapers  medially.  The  glenoid  fos- 
sa, as  in  all  mylodonts,  is  well  forward  of  the  au- 
ditory meatus.  It  faces  anterolaterally,  is  concave 
transversely,  and  is  roughly  triangular  in  shape. 

The  only  portion  of  the  entotympanic  preserved 
is  the  lateral  spur  of  the  middle  portion  of  the 
entotympanic  plate.  This  spur,  which  contacts  the 
tympanohyal  laterally,  can  be  seen  rostromedial 
to  the  fossa  for  the  stylohyal.  This  portion  of  the 
entotympanic  does  not  participate  in  formation  of 
the  stylohyal  fossa.  The  remainder  of  the  entotym- 
panic has  been  broken  away.  The  petrosal,  how- 
ever, bears  a  large,  deep  facet  on  its  ventral  surface 
that  presumably  was  the  site  of  attachment  for  the 
entotympanic.  This  facet  is  oval  and  slopes  an- 
terodorsomedially.  It  bears  a  sharp  dorsal  "step" 
at  its  anterior  extremity.  The  facet  would  seem  to 
indicate  that,  as  in  Mylodon  and  the  scelidotheres, 
the  entotympanic  was  attached  but  not  fused  to 
the  petrosal,  and  that  the  dorsal  margin  of  the 
entotympanic  curved  around  the  ventral  surface 
of  the  petrosal. 

The  petrosal  itself  is  flattened  anteriorly,  becom- 
ing more  globose  posteriorly,  as  in  most  sloths. 
The  fenestra  ovalis  is  an  elongate  oval  with  a  deep- 
ly recessed  rim  for  the  annular  ligament  of  the 
stapedial  footplate.  The  fenestra  cochlea  is  situ- 
ated ventral  to  the  middle  of  the  fenestra  ovalis 
and  is  directed  laterally  and  slightly  posteriorly. 
Both  the  position  and  orientation  of  this  opening 
are  unusual  in  Octodontotherium.  In  other  sloth 
genera  the  round  window  is  more  posteriorly  sit- 
uated relative  to  the  oval  window;  only  in  Glos- 
sotherium  is  the  round  window  so  laterally  di- 
rected. In  other  forms,  it  faces  more  posteriorly. 
The  shape  of  the  fenestra  cochlea  in  Octodontothe- 
rium is  fairly  typical  for  sloths.  It  is  slightly  ovate 
but  has  a  medially  directed  point  formed  by  a 
small  groove  that  may  lead  either  to  a  foramen  in 
the  ventral  surface  of  the  petrosal  itself,  as  in  Glos- 
sotherium,  or  to  a  foramen  between  the  entotym- 
panic and  petrosal,  as  in  the  Santacrucian  genera, 
Megalocnus  and  the  living  species. 

Little  can  be  discerned  of  the  internal  surface  of 
the  petrosal  in  Octodontotherium.  As  in  other 
sloths,  there  is  a  shallow  subarcuate  fossa  located 
posterior  and  dorsal  to  the  internal  auditory  me- 
atus. The  internal  auditory  meatus  is  obscured  by 
matrix  in  Octodontotherium,  but  in  most  other 
sloths  (with  the  exception  of  Hapalops  and  the 


extant  genera)  it  is  very  deep,  without  a  discernible 
division  into  separate  foramina  for  the  auditory 
and  facial  nerves,  and  is  directed  posteriorly.  The 
cochlear  aqueduct  is  also  posteriorly  directed  in 
most  sloths.  Typically  it  lies  posterior  and  slightly 
ventral  to  the  internal  auditory  meatus,  in  the  walls 
of  the  foramen  lacerum  posterium,  and  is  hidden 
from  view  medially  by  a  small  bony  flange  of  the 
petrosal. 

The  pterygoids  are  poorly  preserved,  with  the 
posterior  sections  of  the  bone  absent  on  both  sides. 
It  would  appear,  however,  that  the  pterygoids,  like 
those  of  Mylodon,  were  greatly  inflated  posteriorly. 
This  is  indicated  by  the  well-preserved  portions 
of  the  squamosal  medial  to  the  glenoid,  which,  as 
in  Mylodon,  are  quite  well  inflated. 

The  alisphenoid  bone  does  not  appear  to  have 
been  preserved  at  all,  though  it  is  difficult  to  say 
for  sure  whether  or  not  it  formed  part  of  the  ventral 
eminence  medial  to  the  glenoid,  which  we  have 
included  as  part  of  the  squamosal  bone.  On  the 
left  side  of  the  skull,  however,  the  anteriormost 
part  of  this  eminence  bears  clear  corrugations  on 
its  flattened,  dorsally  sloping  ventral  surface.  We 
interpret  these  corrugations  as  remnants  of  the  su- 
ture between  the  squamosal  and  alisphenoid.  The 
corrugations  lie  anterior  to  a  groove,  whose  coun- 
terpart is  especially  clear  on  the  opposite  side  of 
the  skull,  and  which  lies  also  on  the  ventral  surface 
of  the  aforementioned  eminence.  We  believe  this 
groove  to  represent  the  dorsal  surface  of  the  fo- 
ramen ovale. 

The  tympanohyal  is  well  preserved,  especially 
on  the  right  side  of  the  skull.  It  is  directed  ventrally 
and  slightly  posterolaterally,  as  in  Mylodon,  and 
forms  the  rostral  portion  of  the  fossa  for  the  sty- 
lohyal. The  epitympanic  recess  is  not  so  large  as 
in  other  mylodontids,  but  as  in  these  forms  and 
unlike  megalonychids  and  megatheriids,  it  lacks 
any  trace  of  an  epitympanic  sinus.  The  recess  is 
walled  medially  and  posteriorly  by  the  crista  fa- 
cialis and  tympanohyal,  respectively,  the  remain- 
ing walls  being  formed  by  the  squamosal.  The  shal- 
low, circular  fossa  incudis  lies  in  the  posterointernal 
corner  of  the  epitympanic  recess.  This  fossa  is  typ- 
ically deeper  in  other  sloths,  with  the  exception  of 
Bradypus  and  Choloepus,  and  in  all  megatheriids 
and  megalonychids  (the  living  forms  included)  it 
occupies  the  entire  back  wall  of  the  epitympanic 
recess. 

The  mastoid  process  forms  the  major  part  of 
the  stylohyal  fossa.  The  fossa  itself  is  oval,  with 
its  long  axis  running  anteromedial  to  posterolat- 
eral. In  most  mylodonts,  the  facet  is  more  circular. 
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The  oval  facet  of  Octodontotherium  may  be  an 
artifact  of  not  having  a  well-preserved  entotym- 
panic,  which  in  Mylodon  contributes  much  to  the 
mediocaudal  portion  of  the  stylohyal  fossa.  The 
mastoid  is  covered  laterally  by  a  large  mastoid 
process  of  the  squamosal,  and  the  posterolateral 
corner  of  the  skull  is  badly  damaged,  so  that  the 
extent  of  mastoid  exposure  is  difficult  to  deter- 
mine. 

Because  of  damage  to  the  entotympanic  and 
basicranium,  there  is  no  information  on  the  open- 
ing for  the  Eustachian  tube,  the  foramen  lacerum 
medium,  or  the  course  of  the  internal  carotid  ar- 
tery. Posteriorly,  the  condyloid  foramen  and  fo- 
ramen lacerum  posterium  are  confluent,  again  due 
to  damage  to  the  skull  in  this  area,  and  the  true 
extent  of  the  two  foramina  cannot  be  determined 
accurately.  All  that  remains  of  the  paroccipital 
process  is  a  low,  dorsally  situated  projection  that 
was  evidently  once  part  of  a  much  more  extensive 
process.  This  projection  bears  on  its  anteromedial 
surface  a  groove  for  the  nerves  and  vessels  of  the 
foramen  lacerum  posterium.  The  sulcus  for  the 
facial  nerve  is  deep,  bounded  laterally  by  a  strong 
crista  facialis.  At  its  posterior  extremity  the  sulcus 
opens  medially  into  a  large  fossa  for  the  stapedius 
muscle.  In  Octodontotherium,  as  in  all  sloths,  this 
fossa  is  a  deep,  somewhat  dorsoventrally  elongate 
hollow  situated  directly  posterior  to  the  fenestra 
ovalis  and  dorsal  to  the  fenestra  rotunda.  The  fa- 
cial nerve  continues  lateral  and  ventral  to  the  sta- 
pedius fossa,  opening  externally  at  a  stylomastoid 
foramen  located  well  dorsal  to  the  stylohyal  fossa. 
Because  of  this  dorsal  position,  the  foramen  opens 
directly  anterior  to  the  fossa.  It  is  a  foramen  primi- 
tivum,  exiting  between  the  tympanohyal,  mastoid, 
and  squamosal.  The  skull  has  on  either  side  a  small 
postglenoid  foramen  situated  posterior  to  the  me- 
dial portion  of  the  glenoid  fossa. 

At  the  anterior  end  of  the  crista  facialis  is  a 
small,  hooklike  processus  cristae  facialis.  The  pro- 
cessus appears  to  have  been  well  separated  from 
all  other  bony  elements,  including  the  anterior  crus 
of  the  tympanic] 


The  Scelidotheriines 

Catonyx  (Lund)  (=  Scelidodon)  chapadmalense 
and  Scelidotherium  leptocephalum,10  Pam- 
pean  Formation,  Pleistocene,  Buenos  Aires, 
Argentina. 


The  auditory  region  of  these  very  closely  related 
forms  may  most  conveniently  be  described  to- 
gether. In  general  they  are  very  similar  to  Mylodon. 
The  tympanic  is  not  preserved  in  any  specimen 
we  have  seen;  as  in  Mylodon,  it  must  have  been 
small,  ringlike  and  almost  surely  not  in  contact 
with  the  entotympanic.  The  superficies  meatus  of 
the  squamosal  is  remarkably  wide  in  Catonyx.  The 
entotympanic  of  both  forms  resembles  that  of  My- 
lodon, differing  in  that  the  lateral  ventral  ridge  is 
narrower  laterally,  the  medial  abuts  against  the 
side  of  the  basicranium  rather  than  being  inset  into 
it,  and  there  is  no  appreciable  lateral  expansion 
medial  to  the  fossa  for  the  stylohyal.  The  lateral 
ventral  ridge  in  Scelidotherium  is  longer  than  in 
Catonyx  and  appears  to  extend  somewhat  farther 
ventrally.  The  tympanohyal  is  more  ventral  in  di- 
rection in  both  genera  than  in  Mylodon.  The  fossa 
for  the  stylohyal  is  smaller  in  both,  particularly  in 
Scelidotherium,  and  deeper,  particularly  in  Caton- 
yx. 

The  recessus  epitympanicus  is  well  developed 
in  both,  but,  like  that  of  Mylodon,  does  not  con- 
tinue into  an  epitympanic  recess.  [Lapsus:  They 
must  be  referring  to  the  epitympanic  sinus.]  The 
mastoid  is  narrower  than  in  Mylodon  and  extends 
in  a  rather  deep  groove,  between  the  paroccipital 
and  mastoid  processes,  which  are  much  better  de- 
veloped in  these  genera  than  in  others  of  the  fam- 
ily. The  paroccipital  in  Scelidotherium  is  especially 
prominent,  being  a  thin,  somewhat  posteriorly 
covered  projection.  The  foramina  do  not  differ 
appreciably  from  those  of  Mylodon. 


Scelidotherium  leptocephalum,  mcz  8812,  Pam- 
pean  Formation,  Pleistocene  of  Argentina  (van 
derKlaauw,  1931b). 

Van  der  Klaauw's  description  is  accurate,  but 
he  makes  too  much  fuss  over  everything.  The  lat- 
eral surface  of  the  vertical  entotympanic  plate  is 
not  "very  peculiar"  but  quite  normal.  The  hollow 
dorsal  part  of  this  surface  is  the  medial  wall  of  the 
tympanic  cavity,  and  the  tympanic  was  in  contact 
with  or  connected  to  the  entotympanic  at  the  junc- 
tion of  the  hollow  part  and  the  ventral  vertical 
portion.  The  structure  of  the  entotympanic  is  re- 
vealed by  several  of  our  specimens  almost  as  well 


[We  have  checked  the  following  description  with  the 


specimens  available  to  us  (fmnh  PI 4267  and  PI 4274), 
and  find  that  they  differ  very  little  in  the  parts  preserved. 
Their  generally  poor  state  of  preservation,  however,  pre- 
vents us  from  checking  much  of  this.] 


PATTERSON  ET  AL.:  EAR  REGION  IN  XENARTHRANS.  II. 


11 


as  in  his.  The  cleft  between  the  basioccipital  and 
the  medial  descending  process  of  the  entotympan- 
ic  is  possibly  due  to  age.  The  concave  ventral  sur- 
face of  the  entotympanic  is  probably  natural. 

The  basioccipital  is  very  long  in  this  form  and 
in  "Mylodon"  garmani. 

The  "ossiculum  accessorium  malleoli,"  figured 
but  not  discussed  by  van  der  Klaauw,  is  not  an 
ossiculum  accessorium  malleoli  but  the  usual  pro- 
cess from  the  anterior  extension  of  the  crista  fa- 
cialis. Its  outline  and  character  are  as  in  the  figure, 
but  this  does  not  show  its  connection  with  the 
anterior  extension  or  how  closely  it  rests  upon  the 
rough  postglenoid  surface. 

The  basisphenoid  extends  laterally  onto  the  side 
of  the  skull  at  the  anterior  extension  of  the  ento- 
tympanic, as  shown  in  the  figure. 

The  attachments  of  the  [tympanic]  crura  are  vis- 
ible on  both  sides.  The  anterior  is  immediately 
lateral  to  the  posterior  part  of  the  "ossiculum  ac- 
cessorium malleoli"  and  the  posterior  is  anteroex- 
ternal  to  the  base  of  the  tympanohyal.  The  epi- 
tympanic  recess  is  moderate  in  size  and  is  hardly 
a  sinus.  Van  der  Klaauw's  figure  does  not  show 
these  last  details. 


The  Mylodont  Auditory  Region 

[Patterson  and  Segall  included  a  point-by-point 
critique  of  van  der  Klaauw's  description  of  the 
mylodont  ear  region  (1931a)  in  their  original 
manuscript.  On  many  of  the  points  discussed  by 
van  der  Klaauw,  Patterson  and  Segall  either  agreed 
with  him  or  could  not  derive  sufficient  informa- 
tion from  the  specimens  at  hand  to  comment.  Fur- 
thermore, many  of  their  points  of  disagreement 
were  discussed  in  the  descriptions  of  individual 
specimens.  However,  some  of  these  criticisms  are 
not  discussed  elsewhere  in  the  text.  We  felt  that 
many  of  these  criticisms  were  important,  and  that 
they  should  be  included  in  the  text  in  some  form, 
as  was  apparently  intended  by  Patterson  and  Se- 
gall. Thus,  we  have  included  the  following  para- 
graphs, heavily  edited  and  condensed,  which  cover 
those  criticisms  not  discussed  elsewhere.] 

The  inclination  of  the  tympanic  means  little  or 
nothing:  [it  is  apparently  controlled  by]  an  age 
factor  (cf.  Choloepus).  In  our  Paramylodon,  what 
we  believe  to  be  a  remnant  of  the  tympanic  sug- 
gests that  in  this  specimen  there  was  an  angle  of 
about  75  degrees  with  the  horizontal.  The  mylo- 
dont glenoid  articulation  is  situated  far  anterior  to 
the  porus  and  slightly  above  it.  Its  surface  is  only 


slightly  concave  and  very  poorly  demarcated  from 
the  surrounding  bone;  [it  extends]  out  well  onto 
the  zygomatic  process  of  the  squamosal,  [and  its] 
internal  descending  portion  is  slight. 

The  entotympanic  [is  not  loosely  attached,  but 
is  on  the  contrary]  probably  always  well  fused  [to 
the  surrounding  elements.  It  is]  fused  or  suturally 
connected  with  the  tympanohyal.  [It]  is  in  contact 
with  the  [paroccipital  process  and]  exoccipital 
proper,  [although]  it  may  or  may  not  be  united  by 
suture  with  the  paroccipital  process  as  van  der 
Klaauw  [(pp.  6 1 6-6 1 8)]  states.  [The  entotympan- 
ic] is  closely  attached  but  not  fused  [with  the  pe- 
trosal. In  Mylodon],  a  suture  between  the  ento- 
tympanic and  petrosal  can  plainly  be  seen  in  the 
foramen  lacerum  posterium  (not  shown  in  van  der 
Klaauw's  specimen,  fig.  2).  The  entotympanic  does 
reach  the  pterygoid  in  our  Mylodon  darwinii  [(con- 
tra van  der  Klaauw,  p.  620),  but  this  feature  is] 
evidently  variable  in  mylodonts.  In  our  Mylodon 
the  suture  between  the  entotympanic  [and]  mas- 
toid [is]  clearly  visible.  Our  Mylodon  shows  a 
prominent  medial  portion  of  the  entotympanic 
medial  to  the  carotid  groove  that  is  in  sutural  con- 
tact with  the  basioccipital;  anteriorly  it  reaches  to 
the  foramen  lacerum  posterium  [lapsus:  foramen 
lacerum  medium]  (van  der  Klaauw's  fig.  2  of  this 
form  does  not  show  the  medial  portion).  There  is 
considerable  variation  between  scelidotheres,  my- 
lodont[ines],  and  glossotheres  in  this  region.  Para- 
mylodon has  a  short,  blocklike  entotympanic  that 
agrees  with  van  der  Klaauw's  description  of  Glos- 
sotherium  [(=  Mylodon)]. 

The  course  of  the  [Eustachian  tube]  differs  in 
mzgaiheres,/ Bradypus  and  others.  In  the  former 
group  [it  is]  much  more  vertical,  in  the  latter,  es- 
pecially the  mylodonts,  it  is  directed  cranioven- 
trally  and  slightly  medially. 

There  is  a  ventrally  flat,  small  prominence  pro- 
jecting laterally  from  the  anterior  extremity  of  the 
crista  facialis.  Van  der  Klaauw  describes  similar 
structures  in  his  specimens  of  Glossotherium  and 
Mylodon  [(pp.  633-634)],  and  we  have  observed 
similar  structures  in  other  ground  sloths  {Mega- 
therium, Megalocnus,  etc.).  It  is  homologous  with 
a  similar,  often  complicated  prominence  that  ap- 
pears to  be  characteristic  of  the  Xenarthra  gen- 
erally. It  has  been  claimed  (e.g.,  by  van  Kampen, 
1905)  that  this  element  is  the  ossiculus  accesso- 
rium malleoli.  Van  der  Klaauw  denies  this  [p.  634]; 
Patterson  agrees;  Segall  believes  that  it  is  the  os- 
siculum, [although]  he  has  no  real  evidence  for 
this.  [This  process  was  discussed  at  length  in  Pat- 
terson et  al.  (1989),  with  the  authors  apparently 
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deciding  that  the  process  was  a  neomorph  char- 
acteristic of  xenarthrans.  They  gave  the  process 
the  name  processus  cristae  facialis.] 

[Finally,  in  discussing  the  various  mylodont  ear 
"types"  of  van  der  Klaauw  (pp.  646-651),  Patter- 
son and  Segall  note  that  in  the  Glossotherium/ 
Paramylodon  type]  the  entotympanic  does  extend 
slightly  in  front  of  the  process  for  the  stylohyal, 
[and  bears]  a  lateral  extension  toward  the  tym- 
panohyal.  [Moreover,]  in  Paramylodon  the  ento- 
tympanic does  form  a  prolongation  of  the  paroc- 
cipital  process. 

The  Megalonychoids 

The  Choloepus-Megalonyx  Division 

The  Choloepus  Group 

Choloepus  Illiger;  C.  didactylus  and  C.  hoffmani. ' ' 
Figures  3-4. 

Twenty-two  skulls  of  Choloepus  have  been  ex- 
amined. Pending  an  adequate  revision  of  the  tree 
sloths  that  will  take  into  account  the  great  vari- 
ability in  skull  form  shown  by  both  of  the  living 
genera,  we  refer  the  material  to  C.  didactylus  Lin- 
naeus. [Revision  of  the  genus  Choloepus  has  sub- 
sequently been  undertaken  by  Wetzel  (1985)  and 
Wetzel  and  de  Avila-Pires  ( 1 980).  Specimens  were 
assigned  to  one  of  the  two  species  that  constitute 
the  genus  Choloepus,  C.  hoffmani  and  C  didac- 
tylus, according  to  cranial  characters  given  by 
Wetzel,  the  most  consistently  useful  of  these  being 
a  posterior  pair  of  interpterygoid  foramina  that 
open  into  the  pterygoid  sinuses.  These  foramina 
are  present  in  C.  hoffmani  but  lacking  in  C  di- 
dactylus. Of  the  22  original  specimens  examined 
by  B.P.  and  W.S.  (see  footnote  1 1  for  specimen 
numbers),  14  belong  to  C.  hoffmani,  including  the 
two  figured  specimens,  whereas  the  other  eight  can 
be  placed  in  C.  didactylus.  We  examined  an  ad- 
ditional 3 1  specimens,  including  1 1  C  didactylus 
and  20  C  hoffmani  (see  footnote  1 1  for  specimen 


1 '  [Specimens  examined  include: 

C.  didactylus -B.P.  &  W.S.:  fmnh  21730,  34326, 
34711,  36099,  41207-8,  41503-4.  W.T.  &  T.G.:  fmnh 
60058,  60068,  86893,  86895,  87905,  88892,  93177, 
95447,  95449,  95450,  123021. 

C.  hoffmani-B.P.  &  W.S.:  fmnh  14183-88,  30739 
(illus.  in  fig.  3),  34706,  35738,  41206,  44053  (illus.  in 
fig.  4),  44054,  65796,  68933.  W.T.  &  T.G.:  fmnh  60108, 
60455,  60549, 60585-86,  69574-77,  84552,  89510-1 1, 
90058,  121521,  123995,  127420-22,  128409-10.] 


numbers).  Specific  differences  in  the  ear  region  of 
the  two  species  will  be  noted  in  the  text.] 

The  tympanic  is  an  incomplete,  slender  ring, 
irregular  in  outline.  The  incisura  tympanica  is  large. 
The  bone  is  small  in  comparison  with  the  size  of 
the  skull  and  does  not  enlarge  with  advancing  age. 
The  anterior  crus,  the  most  expanded  portion  of 
the  bone,  is  extensively  attached  to  the  squamosal 
and  to  the  lateral  side  of  the  processus  cristae  fa- 
cialis. The  posterior  crus  is  in  contact  with  the 
tympanohyal,  its  dorsal  extremity  reaching  to  the 
mastoid  and  squamosal.  The  medial  border  of  the 
ventral  portion  is  free  in  the  great  majority  of  spec- 
imens. In  a  few  individuals,  spicules  of  bone  con- 
nect it  to  the  entotympanic,  but  only  in  two  is 
there  any  very  close  connection  between  the  two 
bones,  [fmnh  123021  (C.  didactylus)  and  84552 
(C.  hoffmani),  two  juvenile  specimens  unavailable 
to  B.P.  and  W.S.,  also  show  a  bilaterally  close 
association  between  tympanic  and  entotympanic 
along  the  whole  ventral  length  of  the  two  bones.] 
One  of  these  is  an  asymmetrical  skull  in  which  the 
connection  occurs  on  one  side;  in  the  other  the 
condition  is  bilateral  and  there  is  a  large  opening 
anteriorly,  through  which  the  Eustachian  canal 
passes.  Half  of  the  specimens  in  which  the  tym- 
panic is  present  exhibit  a  connection  between  the 
two  bones  posteriorly.  [Only  10  of  the  entire  35 
available  specimens  in  which  tympanies  were  pre- 
served show  this  posterior  contact.]  Sulcus  tym- 
panicus  and  crista  tympanica  are  poorly  developed 
and  there  is  no  recessus  meatus.  A  sulcus  malleo- 
laris  is  present.  All  in  all,  the  tympanic  of  Choloe- 
pus is  of  an  extremely  primitive  type;  among  other 
edentates  so  primitive  a  bone  is  formed  only  in 
the  mylodonts  and  in  some  of  the  smaller  Santa 
Cruz  ground  sloths. 

The  glenoid  articulation  differs  notably  from 
those  of  the  mylodonts.  It  is  well  defined,  wide 
transversely,  and  narrow  anteroposteriorly  (Si- 
cher,  1944,  p.  163),  and  extends  forward  onto  the 
zygomatic  process  of  the  squamosal.  In  adults  the 
very  short  inflated  postglenoid  portion  of  the  squa- 
mosal extends  in  the  form  of  a  buttress  ventro- 
laterally  from  the  junction  with  the  anterior  crus 
of  the  tympanic;  in  juveniles  the  buttress  is  not 
present. 

The  entotympanic  is  a  thin,  laterally  com- 
pressed plate,  tapering  ventrally,  that  runs  parallel 
to  the  ventral  portion  of  the  tympanic.  Projections 
from  either  the  ventral  margin  or  the  medial  side, 
or  both,  occur  in  some  individuals.  It  extends  from 
the  tympanohyal  forward  to  the  basioccipital-ba- 
sisphenoid  suture,  but  only  very  exceptionally  does 


PATTERSON  ET  AL.:  EAR  REGION  IN  XENARTHRANS.  II. 


13 


plane  of  section  D  &  C 


'foramen  magnum 
midline  section 


2  cm 


midline 


fronto-parietal  sinus 


petrosal 


(squamosal) 
epitympanic  sinus 


recessus  epitympanicus 

fenestra  ovalis 
(=  fen.  vestiPuli) 
or  crus  posterior  crus 

inflated  basioccipital  sinus 


Fig.  3.  Choloepus  hoffmani,  fmnh  30739:  A-B,  posterior  portion  of  skull  shown  in  ventral  and  left  lateral  views; 
C-D,  sectioned  skull,  with  cut  running  through  tympanic  ring,  entotympanic,  petrosal,  and  braincase,  shown  in  views 
toward  anterior  and  posterior  sides  of  cut. 
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it  turn  laterally  to  extend  above  part  of  the  anterior 
crus  of  the  tympanic,  as  occurs  in  many  armadil- 
los, Bradypus,  and  the  nothrotheriines.  [In  over 
half  of  the  C  didactylus  specimens  examined,  the 
entotympanic  was  observed  to  contact  the  ptery- 
goid at  its  anterior  extremity.  Such  a  contact  be- 
tween entotympanic  and  pterygoid  is  much  less 
common  in  C.  hoffmani,  where  the  entotympanic 
is  frequently  poorly  ossified,  especially  anteriorly.] 
Tympanic-entotympanic  relations  have  already 
been  discussed.  Dorsally,  the  entotympanic  is  at- 
tached to  the  medial  part  of  the  ventral  portion  of 
the  pars  petrosa,  posterolaterally  to  the  tympa- 
nohyal,  and  posteriorly  to  the  paroccipital  process, 
which  in  adults  forms  a  crest  that  continues  for- 
ward into  the  entotympanic.  On  the  medial  side, 
its  relations  to  the  basicranial  elements  are  vari- 
able, depending  upon  the  size  of  the  projections 
and  upon  the  angle  of  inclination  of  the  bone  as 
a  whole.  The  youngest  specimen  in  our  series  sug- 
gests that,  as  in  many  other  edentates,  the  ento- 
tympanic is  a  compound  bone  formed  from  an- 
terior and  posterior  centers  of  ossification;  the 
posterior  part,  or  caudal  entotympanic,  is  consid- 
erably the  larger  of  the  two.  [The  specimen  to  which 
Patterson  and  Segall  are  referring,  fmnh  44053 
(see  fig.  4),  definitely  has  two  separate  centers  of 
ossification  in  the  medial  and  posterior  wall  of  the 
bulla,  as  does  our  youngest  specimen  of  Bradypus, 
fmnh  25315  (see  fig.  8),  and  we  have  no  clear 
reason  for  doubting  the  original  authors'  claim  that 
these  represent  the  rostral  and  caudal  entotym- 
panic. Schneider  (1955)  found  only  a  single  ossi- 
fication center  for  the  entotympanic  in  his  study 
of  skull  development  in  Bradypus,  but  Wible 
(1984),  in  reexamining  Schneider's  specimens, 
noted  a  sizable  gap  between  the  youngest  specimen 
with  an  entotympanic  and  the  oldest  without  one. 
Wible  (1984)  has  suggested  that  the  entotympanic 
of  Tamandua  (almost  certainly  homologous  with 
the  caudal  portion  of  the  entotympanic  in  other 
xenarthrans)  is  in  fact  a  caudal  process  of  the  pe- 
trosal, and  it  is  possible  that  the  so-called  "caudal 
entotympanics"  of  Choloepus  and  Bradypus  are 
likewise  outgrowths  of  the  petrosal.  The  caudal 
center  of  ossification  in  Choloepus  does  not  appear 
to  be  separated  dorsally  from  the  petrosal,  whereas 
in  the  juvenile  Bradypus,  the  caudal  ossification 
appears  separate  from  the  petrosal  on  the  left  side 
of  the  skull  but  not  the  right.  Our  evidence  in  this 
matter  is  equivocal.] 

As  is  well  known,  the  pterygoid,  basisphenoid, 
and  basioccipital  are  inflated  in  Choloepus,  form- 
ing a  connecting  series  of  sinuses  that  also  extends 


laterally  into  the  squamosal  above  the  medial  part 
of  the  glenoid  surface,  the  whole  opening  to  the 
narial  passage  near  the  pterygoid-palatine  suture. 
[As  was  mentioned  earlier,  an  opening  from  the 
pterygoid  sinus  into  the  nasal  passage  is  present 
only  in  C  hoffmani.]  These  sinuses,  and  the  very 
extensive  frontal  sinus  system,  render  the  skull  of 
Choloepus  the  most  highly  pneumatized  of  any 
living  edentate.  Among  extinct  forms,  Megalocnus 
has  a  skull  that  is  even  more  pneumatic.  The  ba- 
sicranial sinuses,  which  are  variable  in  degree  of 
inflation,  result  in  descending  processes  of  the  ba- 
sioccipital and  basisphenoid.  These,  together  with 
the  inflated  pterygoid,  impart  a  vaguely  myrme- 
cophagid-like  appearance  to  the  base  of  the  skull. 
The  resemblance  is  purely  superficial,  however.  In 
anteaters,  the  pterygoid,  its  sinus,  and  the  descend- 
ing process  of  the  basioccipital  are  integral  parts 
of  the  middle  ear;  in  Choloepus  the  pterygoid  sinus 
is  not  in  communication  with  the  middle  ear,  and 
the  bone  itself  and  the  basioccipital  play  only  the 
usual  minor  role  in  the  boundary  of  the  same. 

The  tympanohyal  is  a  conspicuous  element  that, 
as  in  other  sloths,  increases  in  size  distally;  the 
surface  for  the  stylohyal  varies  from  flat  to  cup- 
shaped.  In  some  [most]  specimens,  the  paroccip- 
ital process,  pars  mastoidea,  and  entotympanic 
combine  with  the  tympanohyal  to  form  a  small 
fossa  for  the  stylohyal,  similar  to  but  smaller  than 
that  [which  is]  almost  universal  in  ground  sloths. 

The  ventral  surface  of  the  pars  petrosa  is  glob- 
ular in  shape.  The  processus  cristae  facialis  begins 
as  a  very  thin  lamina  of  bone  that  passes  ventrally 
between  promontorium  and  squamosal  and  then 
expands  to  a  long-oval  plate  that  is  gently  concave 
on  its  distal  surface  and  forms  a  part  of  the  anterior 
wall  of  the  cavum  tympani.  The  plate  forms  the 
medial  portion  of  the  anterior  wall  of  the  middle 
ear  and  is  in  contact  with  the  squamosal  and  pter- 
ygoid, and  also  with  the  entotympanic  in  those 
individuals  in  which  the  anterior  extremity  of  this 
element  turns  laterally.  As  already  noted,  the  me- 
dial surface  of  the  anterior  crus  of  the  tympanic  is 
in  contact  with  the  lateral  margin  of  the  plate  for 
the  greater  part  of  its  length.  The  plate  fuses  with 
the  squamosal  in  old  individuals.  The  large  reces- 
sus  epitympanicus  passes  into  the  sinus  epitym- 
panicus  without  any  sharp  demarcation.  The  sinus 
is  smooth  walled— in  sharp  contrast  to  Bradypus, 
in  which  the  walls  are  rugose— and  extends  ante- 
riorly well  into  the  root  of  the  zygoma.  Its  lateral 
wall  is  formed  by  the  squamosal,  its  medial  by  the 
squamosal  above  and  by  the  periotic  below.  Pos- 
teriorly, it  does  not  extend  beyond  the  tympanic 


16 


FIELDIANA:  GEOLOGY 


cavity  and  it  does  not  connect  with  the  pterygoid 
sinus  system.  The  cerebellar  face  of  the  periotic 
lacks  a  fossa  subarcuata. 

The  pars  mastoidea  unites  completely  with  the 
surrounding  elements  in  adult  individuals.  In  very 
young  specimens  [see  fig.  4]  the  exposed  portion 
is  approximately  triangular  in  shape,  with  the  apex 
pointing  ventromedially,  and  is  confined  almost 
exclusively  to  the  side  of  the  skull. 

There  is  only  a  vestigial  mastoid  process  com- 
posed of  squamosal  and  mastoid,  which  in  adults 
but  not  in  juveniles  forms  a  slight  protuberance 
on  the  side  of  the  skull  above  and  behind  the  sty- 
lomastoid foramen.  [Although  it  is  true  that  most 
C.  hoffmani  specimens  have  a  small  to  rudimen- 
tary mastoid  process,  in  almost  half  of  the  C.  di- 
dactylus  specimens  examined  the  mastoid  process 
was  much  larger,  more  comparable  in  relative  size 
to  mastoid  processes  of  other  sloths.]  The  exoc- 
cipital  in  adults  forms  a  crest  that  is  continuous 
above  with  the  occipital  crest,  runs  downward  to 
the  conspicuous,  laterally  compressed  paroccipital 
process,  which  extends  down  to  or  below  the  level 
of  the  ventral  margin  of  the  tympanic,  and  is  con- 
tinuous anteriorly  with  the  entotympanic.  The  pars 
mastoidea  partly  overlaps  the  external  face  of  the 
exoccipital  but  does  not  extend  to  the  edge  of  the 
crest.  Between  the  crest  and  the  rudimentary  mas- 
toid process  there  is  a  rather  wide,  shallow,  and 
irregular  groove. 

The  internal  carotid  runs  forward  between  the 
entotympanic  and  the  basioccipital  and  basisphe- 
noid,  entering  the  cranial  cavity  by  the  large  fo- 
ramen (apparently  no  "second  artery")12  lacerum 
medium.  [In  C.  hoffmani,  the  entotympanic  tends 
to  be  much  more  closely  associated  medially  with 
the  lateral  basioccipital  than  in  C.  didactylus,  often 
forming  a  medial  connection  to  it  posteriorly  or 
ventrally,  in  one  case  actually  suturing  to  the  ba- 
sioccipital ventrally.  Because  of  this  close  associ- 
ation, it  is  quite  common  in  C.  hoffmani  for  the 
internal  carotid  to  pass  through  a  carotid  foramen 
between  the  entotympanic  and  basioccipital  be- 
fore entering  the  median  lacerate  foramen.  Such 
a  carotid  foramen  is  rare  in  C  didactylus.]  There 
is  no  postglenoid  foramen,  and  only  minute,  rather 
variable  openings  in  the  positions  occupied  by  the 
subsquamosal  and  mastoid  foramina  in  other  xe- 
narthrans.  A  large  venous  sinus  runs  posteriorly 


12  [Patterson  and  Segall  are  presumably  referring  to 
Matthew's  ( 1 909)  and  others'  concept  of  a  medial  and 
lateral  internal  carotid  artery  by  their  use  of  the  term 
"second  artery."] 


in  a  shallow  groove  that  begins  above  the  internal 
orifice  of  the  foramen  lacerum  posterium  and  ends 
at  the  side  of  the  foramen  magnum.  In  some  spec- 
imens venous  foramina,  clearly  parts  of  the  trans- 
verse sinus  drainage,  open  on  the  occiput  just  above 
the  condyles.  [These  occipital  venous  foramina  are 
found  only  in  C.  didactylus,  and  then  only  in  about 
half  of  the  specimens.]  The  foramen  lacerum  pos- 
terium is  bounded  anteroexternally  by  the  ento- 
tympanic and  posterointernally  by  the  exoccipital. 
The  stylomastoid  foramen  opens  very  slightly  be- 
low the  level  of  the  superficies  meatus  and  is 
bounded  dorsally  and  posteriorly  by  the  mastoid 
[and  squamosal],  anteriorly  and  ventrally  by  the 
tympanohyal;  it  is  a  foramen  primitivum.  The 
chorda  tympani,  after  leaving  the  tympanic  cavity 
anteriorly,  runs  in  a  groove  in  the  posterior  face 
of  the  adjacent  portion  of  the  squamosal.  This 
groove  is  bordered  posterolaterally  by  the  tym- 
panic and  posteromedially  by  the  processus  cristae 
facialis. 


The  Megalonyx  Group 

Acratocnus  Anthony 

We  have  been  able  to  examine  the  fine  series  of 
skulls  of  the  Pleistocene  Puerto  Rican  form  in  the 
American  Museum.  The  following  account  is  based 
largely  on  amnh  1 7722,  A.  odontrigonus  Anthony, 
in  which  the  auditory  region  is  almost  perfectly 
preserved. 


Acratocnus  odontrigonus,  amnh  17722,  17715, 
17720-21  (skulls),  17717  (mandibles),  de- 
scribed and  figured  by  Anthony,  1918,  1926. 

A  wonderful  animal!  So  similar  in  many  re- 
spects to  Choloepus  and  yet  indicating  how  such 
forms  as  Megalonyx  and  Megalocnus  may  be  tied 
in  to  the  living  form.  The  remarks  here  [in  these 
four  paragraphs]  are  confined  to  such  characters 
as  vary  or  are  not  well  shown  in  the  borrowed 
skull. 

The  caniniformes  [are  similar  to  those  of]  Cho- 
loepus but  relatively  larger.  The  pits  on  the  side 
of  the  face  are  variable  in  depth;  [they  are]  very 
shallow  in  17715.  The  jugal  union  is  about  as  in 
Choloepus.  The  frontal  sinuses  are  moderate  in 
17720-21  [and]  enormous  and  arched  in  17715, 
an  old  individual.  The  sinuses  do  not  extend  back 
into  the  parietals,  [and  the]  sagittal  crest  is  very 
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high  and  well  developed.  The  dorsal  contour  of 
the  skull  is  as  in  Choloepus  and  Megalocnus.  [Some 
specimens  (esp.  17715)  show  a  small  indentation 
in  the  normally  smooth,  unbroken  curvature  of 
the  dorsal  contour.  This  indentation  is  located  just 
anterior  to  the  bulging  frontal  sinus.]  No  inflation 
of  pterygoids  or  basicranium  [is  present].  The  oc- 
ciput [has  a]  moderate  forward  slope.  The  glenoid 
fossa  is  of  Choloepus  type.  The  epitympanic  recess 
is  large,  confined  to  the  squamosal,  and  extends 
farther  anteriorly  than  posteriorly.  It  is  apparently 
rather  variable  in  size.  The  tympanohyal  is  rather 
large,  moderately  tapering  upward,  and  forms 
nearly  all  of  the  stylohyal  fossa;  the  mastoid  sends 
down  a  process  that  bounds  the  fossa  laterally  and 
extends  far  below  it.  [The  above  description  of  the 
tympanohyal  is  in  contradiction  to  that  of  the  tym- 
panohyal in  amnh  17722,  given  below,  in  which 
the  tympanohyal  is  said  to  form  "only  the  anterior 
extremity"  of  the  stylohyal  fossa.  Upon  exami- 
nation of  the  relevant  specimens,  it  appears  that 
the  latter  description  is  the  correct  one.] 

The  entotympanic  is  essentially  a  thin  antero- 
posterior plate  connected  with  the  paroccipital 
process  posteriorly  and  tympanohyal  laterally.  The 
periotic  is  bulbous,  as  in  Choloepus. 

The  mandibular  symphysis  [has  a]  moderate 
spout;  the  angle  is  produced  far  posteriorly;  the 
condyle  is  very  wide  [and]  sinuous. 


Acratocnus  odontrigonus,  amnh  17722.  Figure  5. 

The  tympanic  agrees  closely  in  relative  size, 
shape,  and  direction  [orientation]  with  that  of 
Choloepus,  differing  only  in  being  broader  ven- 
trally,  the  width  of  this  portion  increasing  ante- 
riorly as  far  as  the  opening  for  the  Eustachian  tube. 
The  crista  tympanica  and  sulcus  tympanicus  are 
very  slight,  essentially  as  in  Choloepus.  The  sulcus 
malleolaris  is  well  developed,  again  as  in  Choloe- 
pus. Due  to  lack  of  inflation  of  the  squamosal, 
contact  of  squamosal  and  anterior  cms  is  less  ex- 
tensive than  in  Choloepus,  being  limited  to  the 
superior  two-thirds  of  the  crus.  The  anterior  cms 
extends  slightly  higher  on  the  skull  than  the  pos- 
terior. The  two  crura  approach  each  other  closely, 
being  separated  only  by  a  small  incisura.  The  spi- 
nae  are  identical  with  those  of  Choloepus.  The 
poms  is  oval  in  outline  with  the  long  axis  dorso- 
ventral,  and  presents  laterally  and  ventrally,  less 
ventrally  than  in  Choloepus,  however.  It  is  situated 
a  short  distance  behind  the  glenoid  articulation, 
being  almost  exactly  intermediate  in  this  respect 


between  Choloepus  and  Megalonyx.  The  glenoid 
is  similar  in  structure  to  that  of  Choloepus  but  is 
situated  farther  forward  relative  to  the  position  of 
the  tympanic. 

The  entotympanic  is  a  thin  plate  directed  an- 
teriorly and  slightly  medially.  In  shape  and  direc- 
tion it  is  very  similar  to  that  of  Choloepus,  but  is 
in  contact  for  much  of  its  length  with  the  tympanic, 
due  to  the  medial  expansion  of  the  latter.  Poste- 
riorly it  fuses  with  the  paroccipital  process,  as  in 
old  individuals  of  Choloepus.  Medially,  the  en- 
totympanic is  in  contact  with  the  basisphenoid 
[and  the  basioccipital,  as  evidenced  by  a  clear  su- 
ture on  the  right  side  of  the  skull].  The  Eustachian 
tube  is  in  the  usual  position  and  clearly  defined. 
The  tympanic  margin  is  slightly  raised  but  a  def- 
inite styliform  process  is  not  developed. 

In  strong  contrast  to  Choloepus,  Megalonyx,  and 
Megalocnus,  there  is  little  inflation  of  the  ptery- 
goids and  basisphenoid. 

The  tympanohyal  is  very  little  larger  than  that 
of  Choloepus,  but  in  contrast  to  this  form,  and  in 
common  with  all  ground  sloths,  there  is  a  large 
fossa  for  the  stylohyal,  of  which  the  tympanohyal 
forms  only  the  anterior  extremity.  The  rest  of  the 
fossa  is  formed  by  the  mastoid  posteriorly  and 
laterally  and  by  the  entotympanic  and  exoccipital 
medially.  The  articular  surface  is  on  a  level  half- 
way between  that  of  the  incisura  tympanica  and 
that  of  the  ventral  margin  of  the  tympanic. 

The  promontorium  is  rather  deep  dorsoven- 
trally.  The  recessus  epitympanicus  does  not  differ 
from  that  of  Choloepus.  The  extent  of  the  sinus 
cannot  be  determined.  The  pars  mastoidea  is  ba- 
sically similar  to  that  of  the  living  form  but  differs 
in  detail.  The  mastoid  process  is  better  developed, 
projects  laterally,  forming  a  decided  angle  with  the 
postglenoid  surface  in  ventral  view,  extends  down 
well  below  the  level  of  the  incisura  tympanica,  and 
has  a  sharp  posterior  edge  that  reaches  to  the  oc- 
cipital crest  dorsally.  The  exoccipital  crest  is  es- 
sentially as  in  Choloepus.  The  groove  between  crest 
and  mastoid  process  is  much  deeper  and  better 
defined  in  Acratocnus,  due  to  the  larger  mastoid 
process,  and  abruptly  terminates  anteriorly  at  the 
large  stylohyal  fossa.  [We  see  a  narrow  extension 
of  this  groove  that  passes  anterior  to  the  stylohyal 
fossa  to  connect  with  the  stylomastoid  foramen.] 

The  carotid  foramen  is  very  small  and  situated 
between  basioccipital  and  entotympanic.  [There  is 
a  groove  on  the  ventromedial  surface  of  the  en- 
totympanic that  extends  anteriorly  to  reach  the 
median  lacerate  foramen.  This  groove  would  seem 
to  indicate  that  the  internal  carotid  traveled  ven- 
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tral  to  the  entotympanic  until  it  reached  the  me- 
dian lacerate  foramen,  and  did  not  pass  through 
a  carotid  foramen.  The  foramen  that  B.P.  and  W.S. 
describe  as  the  carotid  foramen  may  be  similar  in 
function  to  the  foramen  that  passes  through  the 
medial  entotympanic  in  Mylodon.]  The  foramen 
lacerum  medium  is  large  and  widely  open  below. 
There  is  no  postglenoid  foramen  as  in  Choloepus. 
The  mastoid  foramen  opens  in  the  dorsal  portion 
of  the  deep  excavation  between  the  exoccipital  and 
the  mastoid  process.  The  foramen  lacerum  pos- 
terium  is  large  and  nearly  circular  in  outline,  es- 
sentially as  in  Choloepus  and  Megalocnus.  The 
stylomastoid  foramen  is  situated  on  the  lateral  side 
of  the  skull  immediately  behind  the  tympanohyal 
and  hence  well  posterior  to  the  tympanic;  it  is  thus 
a  foramen  primitivum,  as  in  Choloepus.  The  ex- 
ternal orifice  of  the  canal  of  Huguier  [i.e.,  fissura 
Glaseri]  is  situated  between  squamosal  and  ante- 
rior crus,  at  a  point  near  the  dorsal  extremity  of 
the  latter. 


Megalonyx  Harlan;  M.  jeffersonii  and  M.  brachy- 
cephalus.  Figure  6. 

Two  skulls  have  been  available  for  study:  an 
excellent,  nearly  complete  specimen  of  M.  jeffer- 
sonii Harlan,  Idaho  State  College  6377-87,  and 
the  fine  type  of  M.  brachycephalus  Stovall  and 
McAnulty,  Texas  Memorial  Museum  -30907-60 
(original  G-333)  [from  the  Pleistocene  of  Texas 
(Stovall  &  McAnulty,  1950)].  Previous  accounts 
of  the  auditory  region  of  this  form  have  been  based 
on  inadequate  material,  and  we  therefore  give  a 
full  description  here. 

The  tympanic  is  small  in  comparison  to  the  size 
of  the  skull,  as  in  Acratocnus  and  Choloepus,  and 
is  inclined  ventromedially.  The  ventral  portion  is 
enlarged,  both  dorsoventrally  and  transversely, 
more  so  than  in  Acratocnus,  and  has  a  decidedly 
rugose  surface.  The  crura  are  slender.  The  dorsal 
portion  of  the  anterior  crus  is  fused,  in  adults,  with 
the  squamosal,  which  forms  a  broad  superficial 
meatus.  The  limits  of  the  incisura  tympanica  can- 
not be  seen  but  it  was  probably  as  short  as  in 
Megalocnus.  In  Megalonyx  brachycephalus,  but 
not  in  M.  jeffersonii,  the  posterior  crus  is  separated 
from  the  stylohyal  fossa  by  a  conspicuous  groove. 
The  porus  is  oval,  with  the  long  diameter  dorso- 
ventral.  Choloepus,  Acratocnus,  and  Megalonyx 
form  a  structural  series  as  regards  enlargement  and 
rugosity  of  the  tympanic. 

The  glenoid  articulation  is  basically  similar  to 
that  of  Choloepus  but  is  lower  and  situated  farther 


forward  relative  to  the  tympanic  than  in  that  form, 
the  postglenoid  surface  of  the  squamosal  sloping 
gently  upward  and  backward  toward  the  squa- 
moso-tympanic  junction.  Acratocnus  is  interme- 
diate between  the  two,  the  three  genera  forming  a 
structural  series  in  the  character  also. 

The  large  entotympanic  consists  of  two  vertical 
plates  united  above— much  as  in  the  mylodonts 
and  other  large  ground  sloths— and  also  anteriorly 
just  behind  the  opening  for  the  Eustachian  tube. 
The  lateral  plate,  which  corresponds  to  the  single 
one  of  Choloepus  and  Acratocnus,  extends  ven- 
trally  below  the  level  of  the  tympanic  and  is  con- 
tinuous posteriorly  with  the  paroccipital  process. 
The  medial  plate  is  in  sutural  contact  with  the 
basioccipital,  basisphenoid,  and  periotic.  The 
opening  for  the  Eustachian  tube  is  large.  A  small 
but  sharp  styliform  process  of  the  tympanic  is 
present  in  the  specimen  of  M.  jeffersonii,  and  an 
even  smaller  blunter  one  is  in  M.  brachycephalus. 

The  basicranium  is  inflated  in  the  region  of  the 
basioccipital-basisphenoid  suture  and  the  infla- 
tion probably  extends  to  the  base  of  the  pterygoid 
and  possibly  to  the  squamosal  as  well.  In  the  type 
of  M.  brachycephalus  there  is  a  pair  of  large,  pos- 
teriorly facing  fossae  in  the  basioccipital. 

The  tympanohyal  is  large,  and  forms  the  antero- 
external  portion  of  the  extensive  stylohyal  fossa, 
the  rest  of  which  is  composed  of  the  mastoid,  ex- 
occipital,  and  entotympanic.  The  fossa  is  on  a  level 
with  the  ventral  margin  of  the  tympanic,  lower 
than  in  Acratocnus,  in  which  in  turn  the  articu- 
lation is  lower  than  in  Choloepus.  A  peculiar  fea- 
ture of  the  type  of  M.  brachycephalus  [lapsus:  M. 
jeffersonii,  as  indicated  above]  is  that  the  articular 
area  for  the  stylohyal  extends  to  the  tympanic, 
which  bears  a  facet  on  the  ventral  portion  of  the 
posterior  surface. 

Nothing  can  be  seen  of  the  ventral  surface  of 
the  pars  petrosa.  [From  the  portion  of  the  petrosal 
now  exposed,  it  can  be  seen  that  the  anterolateral 
surface  of  the  bone  forms  a  relatively  flat  surface, 
and  that  this  surface  extends  anteromedially  to- 
ward the  basicranium.]  The  recessus  epitympani- 
cus  is  large  and  a  definite  foramen  pneumaticus  is 
present.  The  size  of  the  epitympanic  sinus  cannot 
be  determined.  The  position  and  extent  of  the  pars 
mastoidea  on  the  external  surface  of  the  skull  ap- 
pears to  be  comparable  to  the  exposed  portion  in 
Choloepus  and  Acratocnus,  but  the  surrounding 
region  is  quite  different.  The  mastoid  process  is 
large,  strongly  projecting,  continuous  above  with 
the  occipital  crest  and  descending  to  the  level  of 
the  ventral  border  of  the  tympanic.  It  differs  some- 
what in  the  two  available  specimens,  being  later- 
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ally  compressed  in  M.  jeffersonii,  anteroposteri- 
orly  compressed  in  M.  brachycephalus.  The 
paroccipital  process  is  greatly  reduced  in  compar- 
ison with  either  Acratocnus  or  Choloepus;  it  does 
not  project  freely  but  is  incorporated  in  the  pos- 
terointernal portion  of  the  fossa  for  the  stylohyal. 
[This  process  is  still  large  relative  to  those  found 
in  other  sloths.]  The  exoccipital  crest  is  short,  not 
continuous  with  the  occipital  crest,  and  is  con- 
cealed in  lateral  aspect  by  the  mastoid  process. 
The  groove  between  these  is  wide  and  short  and, 
as  in  Acratocnus,  terminates  abruptly  at  the  fossa 
for  the  stylohyal.  [Like  Acratocnus,  this  groove 
continues  lateral  to  the  stylohyal  fossa  to  terminate 
at  the  stylomastoid  foramen.]  As  in  several  other 
characters,  Choloepus,  Acratocnus,  and  Megalon- 
yx form  a  series  in  the  structure  of  the  mastoid 
area,  the  Puerto  Rican  form  connecting  the  two 
extremes. 

The  structure  of  the  Santacruzian  megalonychid 
Eucholoeops  (q.v.  below)  suggests  that  Acratocnus 
is  in  many  respects  a  rather  generalized  form,  and 
that  Choloepus  on  one  hand,  Megalonyx  and  Meg- 
alocnus  on  the  other,  represent  divergent  special- 
izations from  a  primitive  megalonychid  stem. 

The  carotid  foramen  opens  posteriorly  in  the 
saddle  between  the  two  plates  of  the  entotympanic. 
In  the  specimen  of  M.  brachycephalus,  but  not  in 
that  of  M.  jeffersonii,  there  is  a  minute  venous 
opening  in  the  postglenoid  surface.  The  mastoid 
foramen  opens  ventrally  between  the  distal  part 
of  the  mastoid  process  and  the  fossa  for  the  sty- 
lohyal, the  termination  of  a  canal  that  runs  down 
within  the  occiput  from  the  squamoso-mastoid- 
supraoccipital  junction.  [This  foramen  is  the 
equivalent  of  foramen  "x"  in  Hirschfeld  and  Webb 
( 1 968).  Their  mastoid  foramen  is  either  a  dorsal 
opening  of  the  canal  for  the  occipital  artery  or  the 
foramen  for  the  arteria  diploetica  magna— we  can- 
not say  which  it  is  without  examining  the  speci- 
mens personally.]  The  stylomastoid  foramen  is  as 
in  Acratocnus.  The  foramen  lacerum  posterium 
opens  into  an  extensive  fossa  bounded  by  the  ba- 
sioccipital,  exoccipital,  and  entotympanic. 


Megalocnus  Leidy;  M.  rodens.  Figure  7. 

A  skull  of  M.  rodens  Leidy,  fmnh  PI  5 104,  from 
the  Pleistocene  of  Cuba,  has  been  available  to  us. 
Tympanic  and  entotympanic  are  unfortunately  in- 
complete, but  the  remainder  of  the  region  is  well 
preserved. 

The  posterior  crus  of  the  tympanic,  all  that  is 


preserved  of  this  bone,  is  small  and  slender,  as  in 
Acratocnus  and  Choloepus.  Much  of  the  superficies 
meatus  anterior  to  the  attachment  of  the  posterior 
crus  is  occupied  by  a  facet  evidently  for  the  dorsal 
end  of  the  anterior  crus,  leaving  only  a  very  short 
incisura  tympanica.  The  space  that  was  occupied 
by  the  tympanic  is  very  short  anteroposteriorly. 
Attachment  of  the  anterior  crus  to  the  squamosal 
was  apparently  as  extensive  as  in  Choloepus.  The 
position  of  the  glenoid  articulation  relative  to  the 
tympanic,  and  the  extent  and  degree  of  slope  of 
the  postglenoid  surface,  are  essentially  as  in  Meg- 
alonyx. The  articular  surface  itself  is  very  well 
defined,  transverse,  and  does  not  extend  forward 
onto  the  zygomatic  process. 

The  posterior  portion  of  the  entotympanic  is  the 
only  part  preserved.  It  participates  in  the  forma- 
tion of  the  stylohyal  fossa,  forms  the  anterior  bor- 
der of  the  foramen  lacerum  posterium,  and  has  a 
sutural  contact  with  the  basioccipital. 

As  already  noted,  Megalocnus  has  an  extraor- 
dinarily pneumatized  skull,  the  extreme  in  this 
respect  among  known  edentates,  nearly  every  bone 
being  involved  to  some  degree.  In  the  auditory 
region,  the  squamosal,  pterygoid,  basisphenoid, 
basioccipital,  exoccipital,  and  pars  mastoidea  are 
all  invaded  by  an  interconnecting  sinus  system. 

The  tympanohyal  does  not  differ  from  that  of 
other  megalonychids  except  in  position,  the  prox- 
imal portion  being  more  anterior  relative  to  the 
posterior  crus  of  the  tympanic. 

The  ventral  portion  of  the  pars  petrosa  is  deep, 
being  produced  ventrally  into  a  blunt,  slightly  ru- 
gose process  that  projects  downward  along  the  side 
of  the  basisphenoid.  Due  to  this  prolongation,  the 
ventral  aspect  of  the  bone  differs  considerably  from 
that  of  Choloepus,  in  which  the  promontorium  is 
globular  in  shape.  The  rugosity  on  the  prolonga- 
tion is  presumably  the  attachment  surface  for  the 
entotympanic.  The  processus  cristae  facialis  is 
largely  broken  away.  What  remains,  together  with 
the  adjacent  part  of  the  squamosal,  suggests  that 
it  was  similar  in  general  to  the  process  in  Choloe- 
pus. As  in  the  living  form,  the  recessus  epitym- 
panicus  passes  without  sharp  demarcation  into  the 
sinus  epitympanicus.  The  latter  is  very  small  in 
the  specimen  at  hand,  much  smaller  absolutely 
than  in  Choloepus,  being  limited  to  the  area  im- 
mediately above  the  superficies  meatus  and  not 
extending  into  the  root  of  the  zygoma,  the  sinus 
there  communicating  with  the  pterygoid  system 
[of  cranial  sinuses].  The  pars  mastoidea  and  the 
adjacent  area  are  much  as  in  Megalonyx,  the  prin- 
cipal differences  being  that  the  mastoid  process, 
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Fig.  8.     Bradypus  tridactylus,  fmnh  16557:  A-B,  posterior  portion  of  skull  shown  in  ventral  and  left  lateral  views; 
'-D,  sectioned  skull,  with  cut  running  through  meatus,  bulla,  petrosal,  and  braincase,  shown  in  views  toward  anterior 
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although  equally  prominent,  scarcely  descends  far- 
ther ventrally  than  the  vestigial  process  of  Choloe- 
pus; the  groove  between  the  occipital-mastoid  crest 
and  the  exoccipital  crest  is  narrower  and  is  not 
blocked  anteriorly  by  the  very  prominent,  almost 
pedunculate  fossa  for  the  stylohyal  but  passes  for- 
ward external  to  it;  and  the  paroccipital  process  is 
even  less  prominent,  being  almost  completely  sub- 
ordinated in  the  fossa  for  the  stylohyal. 

Concerning  the  relation  of  the  internal  carotid 
artery  to  the  entotympanic,  nothing  definite  can 
be  said  in  the  absence  of  the  anterior  portion  of 
the  entotympanic,  although  in  all  probability  they 
were  about  as  in  Acratocnus  and  Megalonyx.  The 
foramen  lacerum  medium  is  large  and  in  the  usual 
position  immediately  anterior  to  the  medial  por- 
tion of  the  pars  petrosa.  A  small  postglenoid  fo- 
ramen, an  unusual  feature  in  megalonychids,  is 
present.  As  in  Megalonyx,  the  mastoid  foramen 
is  the  termination  of  a  canal  that  runs  down  within 
the  occiput;  it  opens  in  the  rather  narrow  groove 
between  the  mastoid  process  and  the  exoccipital 
crest.  The  venous  sinus  running  posteriorly  from 
the  internal  orifice  of  the  foramen  lacerum  pos- 
terium  and  leaving  the  skull  via  the  foramen  mag- 
num ran  in  a  large,  very  well-defined  channel  in 
the  side  of  the  medullar  surface  of  the  exoccipital. 
The  foramen  lacerum  posterium  is  small  in  com- 
parison with  the  size  of  the  skull.  The  fossa  into 
which  it  opens  ventrally  is  much  smaller  than  in 
Megalonyx.  Due  to  the  forward  position  of  the 
proximal  portion  of  the  tympanohyal,  the  stylo- 
mastoid foramen  is  bounded  anteriorly  by  the 
tympanic  and  is  hence  a  foramen  definitivum.  In 
Choloepus  and  the  megalonychids  described  above, 
it  is  bounded  anteriorly  by  the  tympanohyal  and 
is  therefore  by  definition  a  foramen  primitivum. 
The  difference  is  a  trivial  one. 

The  Bradypus- Megatherium  Division 

The  Bradypus  Group 

Bradypus  Linnaeus;  B.  tridactylus  and  B.  varie- 
gatus.  Figure  8. 

Eighteen  skulls  have  been  available  to  us.13  The 
situation  with  regard  to  species  is  as  confused  as 


it  is  in  Choloepus;  numerous  specific  names  having 
been  proposed  without  consideration  for  the  great 
variability  that  exists.  Pending  revision,  the  ma- 
terial is  referred  to  B.  tridactylus  Linnaeus.  [As 
with  Choloepus,  revision  of  the  genus  Bradypus 
has  since  been  published  by  Wetzel  (1985),  and 
Wetzel  and  de  Avila-Pires  (1980).  Wetzel  splits 
the  genus  into  three  species:  Bradypus  torquatus, 
B.  tridactylus,  and  B.  variegatus.  We  did  not  have 
access  to  any  skulls  of  the  first  species,  B.  torqua- 
tus. Skulls  were  assigned  to  either  of  the  latter  two 
species  on  the  basis  of  cranial  characters  provided 
by  Wetzel,  the  most  consistently  useful  of  these 
being  the  presence  or  absence  of  large  foramina  in 
the  anterior  nasopharynx  (the  foramina  are  pres- 
ent in  B.  tridactylus,  lacking  in  B.  variegatus).  Two 
of  the  original  1 8  specimens  examined  by  B.P.  and 
W.S.  (see  footnote  for  specimen  numbers)  could 
be  placed  in  the  species  B.  tridactylus,  including 
the  figured  adult.  The  remaining  16,  including  the 
figured  juvenile,  belonged  to  B.  variegatus.  We  ex- 
amined an  additional  29  specimens,  including  five 
specimens  of  B.  tridactylus  and  24  of  B.  variegatus. 
No  consistent  differences  were  identified  in  the 
bony  ear  anatomy  of  the  two  species.  Such  small 
differences  as  did  occur  were  undoubtedly  attrib- 
utable to  our  small  sample  size  for  B.  tridactylus 
and  to  the  fact  that  the  skulls  of  this  species  that 
we  did  have  were  taken  mostly  from  older  indi- 
viduals.] The  structure  of  the  auditory  region,  and 
indeed  of  the  skull  in  general,  is  entirely  different 
in  the  two  genera  of  living  tree  sloths. 

The  tympanic  in  newborn  specimens  is  rela- 
tively larger  than  in  newborn  Choloepus.  In  con- 
trast to  this  and  to  all  other  sloths  thus  far  de- 
scribed, the  bone  increases  in  size  during  life,  being 
about  one-third  longer  in  adults  than  in  very  young 
specimens.  The  increase  is  especially  notable  in 
the  lateral  direction,  where  bone  growth  proceeds 
outward  in  varying  degree  from  the  original  tym- 
panic ring,  a  striking  characteristic  of  the  Brady- 
pus-Megatherium  division.  The  variability  in  this 


13  [The  following  specimens  of  Bradypus  were  exam- 
ined: 


Bradypus  tridactylus-B.P.&W.S.:  fmnh  16556, 16557 
(illus.  in  fig.  8).  W.T.  &  T.G.:  fmnh  92079, 93297,  95444- 
45. 

B.  variegatus-B.P.  &  W.S.:  fmnh  20132,  21393-94, 
21430,  21551,  25315  (illus.  in  fig.  8),  25316-19,  30738, 
3 1 1 1 9, 3440 1 ,  50906, 5 1 87 1 ,  57 1 1 2.  W.T.  &  T.G.:  fmnh 
60164,  68916-17,  68919-21,  69587-90,  70812-13, 
86760-62,  86879,  86896,  88489,  88893,  90060-61, 
94296,94551.] 


and  posterior  sides  of  cut.  Bradypus  variegatus,  fmnh  50906:  E-F,  posterior  portion  of  juvenile  skull  shown  in  ventral 
and  left  lateral  views. 
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feature  results  in  striking  differences  in  the  length 
of  the  ventral  wall  of  the  meatus.  With  advancing 
age  there  is  a  tendency  toward  development  of  a 
rugose  external  surface,  in  some  cases  leading  to 
the  formation  of  a  distinct  lip  of  bone  around  the 
lower  margin  of  the  porus.  This  is  not  universal; 
a  few  old  specimens  retained  a  smooth  surface.  In 
newborn  individuals  the  crura  are  seen  to  ap- 
proach each  other  closely,  with  only  a  small  in- 
cisure tympanica  between  them.  The  porus  is  very 
large  and  irregularly  V-shaped,  the  apex  of  the  V 
extending  nearly  to  the  sulcus  tympanicus.  Later 
on,  with  the  lateral  enlargement  of  the  tympanic 
below  and  lateral  growth  of  the  squamosal  above, 
a  definite  cylindrical  auditory  meatus,  which  as- 
cends at  a  very  steep  angle,  forms  in  most  indi- 
viduals. [It  should  be  noted  that  the  porus  changes 
shape  with  lateral  growth  of  the  tympanic,  becom- 
ing more  oval,  or  even  circular,  in  most  adults.] 
The  crista  tympanica  and  sulcus  tympanicus  are 
well  developed,  the  sulcus  being  very  broad.  In 
contrast  to  Choloepus,  there  is  no  sulcus  malleo- 
laris.  The  anterior  process  of  the  malleus  extends 
forward  to  the  fissura  Glaseri. 

Anterointernally,  the  tympanic  sends  forward  a 
short  styliform  process,  which  may  or  may  not 
unite  with  the  base  of  the  pterygoid  process.  Along 
its  entire  medial  border,  the  tympanic  is  in  close 
contact  with  the  entotympanic;  the  two  may  be- 
come fused  in  adults.  [In  fact,  in  the  large  majority 
of  specimens  examined,  the  tympanic  and  ento- 
tympanic were  solidly  fused  to  one  another.]  Pos- 
teriorly the  bone  is  in  contact  with  the  mastoid 
and  the  tympanohyal. 

The  stylohyal,  as  is  well  known,  turns  sharply 
forward  to  attach  along  a  rugose  surface  at  the 
medial  border  of  the  tympanic.  In  some  individ- 
uals this  surface  forms  a  prominent  crest. 

The  entotympanic  is  a  relatively  massive  bone; 
in  many  specimens  the  surface  is  very  rough  and 
perforated  by  numerous  minute  foramina.  It  is 
long  and  narrow,  almost  parallel-sided,  extending 
from  the  pterygoid  posteriorly  to  the  paroccipital 
process  and  then  turning  laterally  to  contact  the 
squamosal  posteroexternal  to  the  vagina  processus 
hyoidei.  [Although  B.P.  and  W.S.'s  figured  juve- 
nile specimen  of  B.  variegatus  shows  a  contact 
between  the  entotympanic  and  squamosal  dorsal 
to  the  vagina  processus  hyoidei,  several  of  the  ju- 
veniles that  we  examined  (incl.  fmnh  21430  (one 
of  B.P.  &  W.S.'s  specimens),  68917,  and  70813) 
showed  a  clear  exclusion  of  entotympanic/squa- 
mosal  contact  by  the  intervening  mastoid.  In  these 
cases,  the  mastoid  forms  much  of  the  posterodor- 


sal  portion  of  the  vagina  processus  hyoidei.  In 
most  older  individuals,  the  bones  in  this  region 
fuse  up,  making  it  impossible  to  determine  wheth- 
er the  entotympanic  forms  the  entire  posterior  va- 
gina or  if  there  is  mastoid  participation.]  In  old 
individuals  it  fuses  with  the  tympanic.  Anteroin- 
ternally a  small  process  runs  toward  the  inner  side 
of  the  root  of  the  pterygoid  process  with  which  it 
may  fuse.  In  some  individuals  [indeed,  most  in- 
dividuals that  we  examined]  a  crest  develops  near 
the  lateral  border  of  the  bone  parallel  to  the  crest 
on  the  tympanic  for  attachment  of  the  stylohyal; 
when  present  this  also  serves  for  attachment.  A 
division  between  rostral  and  caudal  portions  mid- 
way between  the  carotid  foramen  and  the  vagina 
processus  hyoidei  is  visible  in  fmnh  253 1 5,  a  very 
young  individual.  Van  der  Klaauw  ( 1 93 1  b,  p.  3 1 3) 
has  called  attention  to  an  opening  in  the  posterior 
wall  of  the  bulla  in  a  young  specimen:  ".  .  .  the 
tympanic  bears  a  large  aperture  between  the  tym- 
panohyal and  the  bulla,  opening  into  the  cavity  of 
the  bulla."  Van  Kampen  (1905,  p.  478)  has  de- 
scribed similar  conditions.  This  is  a  variable  fea- 
ture. Only  one  of  our  young  individuals,  fmnh 
50906,  showed  a  small  opening  in  this  area  be- 
tween tympanic  and  entotympanic;  other  and 
younger  skulls  show  no  trace  of  it.  In  50906  the 
opening  was  certainly  due  to  delayed  ossification 
of  the  caudal  entotympanic  in  this  area,  and  was 
closed  by  cartilage  during  life.  [We  found  two  ad- 
ditional specimens,  one  from  each  species  (B.  tri- 
dactylus,  fmnh  93297,  and  B.  variegatus,  fmnh 
94296)  that  showed  the  same  condition  as  that 
described  in  50906.  Both  of  our  specimens  are 
young  adults,  substantially  older  than  50906,  but 
with  the  cranial  sutures  still  unfused.] 

In  decided  contrast  to  Choloepus  and  some  of 
the  later  megalonychids,  sinuses  other  than  the 
frontal  and  epitympanic  are  extremely  rare.  A  small 
sinus  in  the  pterygoid  may  occur,  as  is  well  known, 
and  this  has  been  used  for  taxonomic  purposes, 
probably  without  justification. 

The  small  tympanohyal  occupies  the  bottom  of 
the  vagina  processus  hyoidei.  The  vagina  is  vari- 
able in  size  and  shape  and  is  formed  by  the  tym- 
panic anteriorly  and  the  entotympanic  posteriorly; 
the  mastoid  participates  only  slightly  or  not  at  all 
in  its  formation.  [As  discussed  above,  several  of 
our  juvenile  specimens  showed  a  large  postero- 
dorsal  contribution  of  the  mastoid  to  the  vagina 
processus  hyoidei.  In  addition,  several  young  adults 
(fmnh  689 1 9,  68920,  and  708 1 2)  had  incomplete- 
ly fused  sutures  in  this  region,  and  appeared  to 
show  a  substantial  mastoid  participation  in  the 
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vagina.]  Van  Kampen  (1905,  p.  478)  stated  that 
the  vagina  is  formed  exclusively  by  the  tympanic, 
but  this  is  clearly  not  the  case.  In  its  possession  of 
a  definite  although  small  vagina  processus  hyoidei, 
Bradypus  differs  notably  from  the  ground  sloths 
and  from  Choloepus.  [It  is  interesting  to  note  that 
a  juvenile  specimen  of  Glossotherium  (lacmhc 
12230),  an  isolated  temporal  region  loaned  to  us 
by  the  Page  Museum,  also  possesses  a  definite  va- 
gina processus  hyoidei,  lacking  in  adult  specimens 
of  this  genus.  This  opens  up  the  possibility  that 
the  vagina  of  Bradypus  is  a  neotenic  retention  of 
a  more  widespread  juvenile  morphology,  although 
juveniles  of  Choloepus  lack  this  morphology.] 


The  Megatherium  Group 
The  Nothrotheriines 

Nothrotheriops  (Nothrotherium)  shastense,14  ypm 

13198,   Pleistocene  of  New  Mexico  (Lull, 
1929). 

[We  did  not  have  access  to  ypm  13198,  but  the 
following  description  was  checked  against  a  Field 
Museum  specimen  (PI  5 1 85)  from  Rancho  La  Brea 
(Pleistocene,  California).  The  Field  Museum  spec- 
imen was  well  preserved  and  almost  complete, 
except  for  the  missing  tympanic  rings.]  The  tym- 
panic crura  approach  each  other  very  closely  with 
only  a  small  incisura;  the  anterior  crus  is  much 
stouter  than  the  posterior.  The  anterior  crus  touch- 
es but  is  separate  from  the  pterygoid.  The  tym- 
panic is  expanded  anteriorly  and  ventrally  (me- 
dially), the  ventral  expansion  being  pointed,  much 
as  in  Megatherium  and,  especially,  Pronothrothe- 
rium.  The  length  of  the  tympanic  on  the  external 
side  is  16.3  mm.  The  Eustachian  opening  is  con- 


14  [This  specimen  was  listed  as  belonging  to  the  species 
Nothrotherium  shastense,  the  North  American  Shasta 
ground  sloth,  in  the  original  manuscript.  Nothrotherium 
shastense,  however,  was  removed  from  the  genus  Noth- 
rotherium by  de  Paula  Couto  (1971)  and  placed  in  its 
own  genus  Nothrotheriops.  Nothrotheriops  can  be  distin- 
guished cranially  from  its  South  American  relative  Noth- 
rotherium by,  e.g.,  the  shape  of  the  jugal  and  zygomatic 
process  of  the  squamosal,  the  morphology  of  its  lower 
jaw,  and  the  dorsal  contour  of  the  skull  roof  (de  Paula 
Couto,  1971).  All  three  specimens  discussed  in  this  sec- 
tion (ypm  13198,  Lull,  1929;  amnh  30061,  Simpson, 
1933;  and  fmnh  PI 5 185  from  Rancho  La  Brea)  belong 
to  the  North  American  genus.] 


cealed  by  dried  soft  parts,  but  is  apparently  about 
as  in  Pronothrotherium.  The  sulcus  tympanicus 
lies  somewhat  in  from  the  lip  of  the  porus,  so  that 
a  slight  meatus  is  present.  The  lip  of  the  porus  is 
thickened  anteriorly  and  ventrally;  the  porus  is 
irregularly  circular  in  outline.  The  tympanic  is  rel- 
atively small  for  the  size  of  the  skull;  it  is  about 
the  same  absolute  size  as  in  Pronothrotherium. 

The  entotympanic  is  concealed  entirely  by  sty- 
lohyal  and  dried  soft  parts. 

The  squamosal  has  a  large  epitympanic  sinus. 
Its  glenoid  fossa  is  well  forward  of  the  tympanic, 
concealed  largely  by  dried,  soft  parts  and  the  den- 
tary  condyle,  but  is  seemingly  as  in  Pronothrotheri- 
um. The  posttympanic  portion  is  prominent  and 
moderately  expanded. 

The  stylohyal  sits  in  the  stylohyal  fossa  and  ar- 
ticulates by  means  of  a  well-formed  convex,  oval 
articular  area  (as  figured  by  Lull,  1 929.  There  would 
appear  to  be  a  long  process,  broken  into  two  parts, 
behind  the  stylohyal.  Actually  I  [B.P.]  think  that 
these  are  parts  of  it  that  were  either  broken  off  or, 
and  more  probably,  not  yet  ankylosed— the  left 
side  shows  no  trace  of  such  a  process,  which  would 
be  wholly  unslothlike  in  any  event).  The  proximal 
portion  of  the  stylohyal  is  expanded  and  has  a 
triangular-shaped  ventral  process  that  is  slightly 
expanded  distally  and  posteriorly.  Beyond  the  en- 
totympanic-tympanic  the  bone  tapers  to  a  rodlike 
form  only  slightly  deeper  than  wide  and  then  ex- 
pands slightly  at  the  distal  articulation.  It  projects 
forward  to  a  point  beneath  the  anterior  extremity 
of  the  glenoid  fossa,  and  is  on  the  whole  very  sim- 
ilar to  that  of  Bradypus. 

So  far  as  can  be  seen  the  mastoid  is  compara- 
tively narrow  transversely  and  forms  the  posterior 
part  of  the  stylohyal  fossa;  there  appears  to  be  a 
rather  deep  cleft  between  it  and  the  exoccipital. 

The  tympanohyal  is  barely  visible;  the  stylo- 
mastoid foramen  is  immediately  lateral  to  the 
tympanohyal  and  forms  a  groove  on  its  lateral 
surface. 

The  basioccipital  is  short,  with  a  pair  of  prom- 
inent tuberosities  laterally  at  the  junction  with  the 
basisphenoid. 

The  basisphenoid  tapers  rapidly  anteriorly  and 
is  overlain  by  the  vomer. 

The  vomer  is  an  extraordinary  bone.  As  de- 
scribed by  Lull  (1929),  it  bears  a  ventral  median 
ridge,  which  is  thin  and  jagged-edged.  This  begins 
to  the  left  of  the  midline  where  its  edge  leans  over 
below  the  ensheathing  mesethmoid,  then  curves 
widely  to  the  right,  and  finally  turns  directly  pos- 
terior to  run  between  the  pterygoid  sinuses  for 
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about  half  their  length.  Posterior  to  the  choanae 
the  sides  of  the  vomer  spread  abruptly  and  then 
gradually  narrow  as  they  approach  the  pterygoid 
anterior  to  the  widened  part  of  the  pterygoid  si- 
nuses. Extending  back  beneath  it  is  a  bone  (pos- 
sibly the  presphenoid)  that  is  strongly  convex  ven- 
trally  as  though  inflated  on  either  side  of  the  vomer. 

The  curve  of  the  median  ridge  of  the  vomer  is 
duplicated,  as  Lull  notes  in  the  specimen  described 
by  Stock  (1917,  1925),  and  an  approach  to  this 
condition  may  be  seen  in  the  fmnh  specimen  of 
Pronothrotherium. 

Anteriorly  the  palatine  bones  behave  in  the  nor- 
mal sloth  manner  [see  e.g.,  Stock,  1925].  Poste- 
riorly, however,  they  accompany  the  enlarged  area 
of  the  vomer  as  thin  strips  that  separate  this  bone 
from  the  pterygoids  until  it  narrows  down  between 
the  anterior  ends  of  the  pterygoid  sinuses. 

The  pterygoid  is  the  usual  thin,  large,  descending 
plate,  somewhat  bowed  out  anteriorly,  but  pos- 
teriorly it  is  expanded  by  the  enormous  sinus  that 
occupies  half  its  length  and  extends  back  to  the 
tympanic.  Its  shape  and  the  elongate-oval  orifice 
on  its  ventral  surface  have  been  well  described  by 
Stock  (1917,  1925).  The  damage  suffered  by  the 
right  side  of  this  skull  permits  a  good  view  of  the 
interior  and  makes  possible  a  few  additional  state- 
ments as  to  the  bones  forming  it.  The  anterior 
portion,  sides,  and  most  of  the  posterior  portion 
are  formed  by  the  pterygoid.  The  basisphenoid 
shows  through  over  a  small  area  in  the  posterior 
portion.  As  Stock  (1917,  1925)  has  pointed  out, 
the  alisphenoid  forms  most  of  the  roof,  but  the 
squamosal  also  participates  posteroexternally  (no 
doubt  conditions  vary  between  skulls).  There  is 
one  well-defined  fossa  posterointernally  where  the 
basisphenoid  participates  and  another  in  that  part 
of  the  roof  formed  by  the  squamosal  and  a  large 
concavity  in  the  medial  portion.  The  great  degree 
of  inflation  that  the  posterior  half  of  the  pterygoid 
has  undergone  appears  to  have  forced  apart  and 
spread  the  upper  portion  of  the  bone.  There  is, 
unlike  conditions  in  Choloepus,  no  connection  be- 
tween this  sinus  and  the  frontal  and  no  extension 
of  the  sinus  posteriorly  into  the  basioccipital  tu- 
berosities in  this  specimen.  Neither  Stock  (1913, 
1917,  1925)  nor  Reinhardt  (1878)  mentions  any 
such  connection  or  extension  in  the  specimens  de- 
scribed by  them.  It  would  seem  that  the  pterygoid 
expansion  has  stood  in  the  way  of  further  growth 
of  the  tympanic  beyond  the  size  reached  in  Pro- 
nothrotherium. A  large  venous  sinus  left  via  the 
foramen  magnum.  [This  sinus  presumably  ran  in 


a  large  groove  connecting  the  posterior  lacerate 
foramen  to  the  foramen  magnum  on  either  side 
of  the  skull.] 


Nothrotheriops  sp.,  amnh  30061,  incomplete  cra- 
nium, lacking  squamosals  and  tympanic, 
briefly  described  by  Simpson  (1933),  from  a 
Nevada  fauna  of  Pleistocene  type. 

The  entotympanic  on  the  left  side  is  apparently 
complete.  It  is  a  relatively  simple  bone  with  an 
external  portion  projecting  downward  like  a  Lae- 
vua  tooth  [from  the  Latin  laevus,  meaning 
"smooth"?],  and  a  broad  medial  groove  concave 
transversely,  convex  anteroposteriorly  with  a  raised 
medial  rim,  obviously  for  the  carotid;  the  foramen 
lacerum  medium  is  large.  The  external  portion  is 
rather  like  that  of  Megatherium  and  especially 
Pronothrotherium  in  having  a  shallow  [vertical] 
groove  anteriorly  for  the  Eustachian  tube.  [The 
ventral  surface  of  the]  periotic  is  bulbous  behind, 
flattened  anteriorly,  with  an  anterointernal  ridge. 

The  tympanohyal  is  large  and  rapidly  tapering 
within  the  tympanic  cavity,  forming  the  anterior 
half  of  the  fossa  for  the  stylohyal.  The  foramen 
lacerum  posterium  is  large  and  oval;  the  stylo- 
mastoid foramen  is  on  the  external  side  of  the 
tympanohyal. 

The  basioccipital  [bears]  large  processes  on  ei- 
ther side  just  anterointernal  to  the  foramen  lace- 
rum posterium.  A  large  frontal  sinus  has  deformed 
the  anterior  portion  of  the  cerebrum.  The  sphe- 
noidal region  of  the  left  side  has  two  deep  pits,  the 
anterior  considerably  the  deeper  of  the  two,  just 
above  the  basicranii  [i.e.,  just  lateral  and  dorsal  to 
the  platelike  floor  of  the  interpterygoid  region];  the 
right  side  has  the  anterior  [pit]  but  not  the  pos- 
terior, shallower  depression— odd!  There  is  little 
if  any  inflation  around  the  basicranium. 


Eucholoeops  frontis,  amnh  9241. 

[In  addition  to  examining  amnh  9241,  we  have 
also  compared  the  description  given  below  with  a 
Field  Museum  specimen  of  Eucholoeops  ingens 
(P 1 3 1 39).  Both  specimens  are  taken  from  the  early 
Miocene  Santa  Cruz  Formation  of  southern  Ar- 
gentina.] 
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The  tympanies  are  gone,  the  entotympanics 
largely  so,  but  traces  of  the  latter  extending  antero- 
internally  from  the  tympanohyal  appear  to  have 
been  rather  simple  and  ridgelike.  [There  appears 
to  be  a  small  fragment  of  the  posterior  cms  of  the 
tympanic  still  attached  to  the  squamosal  in  fmnh 
PI 3 139.  The  fragment  is  located  anterolateral  to 
the  stylohyal  fossa,  directly  in  front  of  the  stylo- 
mastoid foramen,  making  this  a  foramen  defini- 
tivum.  The  entotympanic  is  a  little  better  pre- 
served in  PI 3 139,  and  rests  dorsally  on  the  rather 
globose  promontorium.  (amnh  924 1  bears  a  groove 
on  the  ventral  surface  of  the  promontorium  in  this 
position,  much  like  the  groove  described  above  in 
Octodontotherium.)  The  preserved  posterior  por- 
tion of  the  entotympanic  forms  the  anterior  border 
of  the  posterior  lacerate  foramen,  then  runs  me- 
dially to  reach  the  stylohyal  fossa  and  tympanohy- 
al. The  basioccipital  bears  lateral  corrugations  that 
appear  to  be  the  remains  of  a  suture  with  the  en- 
totympanic. This  would  seem  to  suggest  that  the 
entotympanic  was  not  simple  and  ridgelike  but 
rather  was  expanded  medially,  and  may  very  well 
have  borne  a  sulcus  for  the  internal  carotid  artery 
as  seen  in  other  sloth  genera  (cf.  Bradypus,  Noth- 
rotheriops,  and  Megatherium).]  The  tympanohyal 
is  small,  tapering  hardly  at  all  within  the  tympanic 
cavity.  The  stylomastoid  foramen  is  on  the  lateral 
side  of  it. 

The  mastoid  exposure  is  large  and  deeply 
grooved,  forming  most  of  the  stylohyal  fossa.  [The 
stylohyal  fossa  is  small  and  circular.  It  is  formed 
not  only  by  the  tympanohyal  and  mastoid,  but 
also  by  the  entotympanic  medially.]  The  paroc- 
cipital  process  is  moderately  large,  the  mastoid 
descending  with  and  joining  it  almost  to  its  apex 
laterally.  [There  is  a  distinct  mastoid  foramen 
present,  with  a  deep  groove  running  ventrally  from 
this  foramen  to  the  tip  of  the  mastoid  process.  The 
groove  becomes  shallower  here,  then  turns  and 
runs  anteriorly,  becoming  deeper  once  more,  ter- 
minating finally  at  the  stylomastoid  foramen.]  The 
foramen  lacerum  posterium  is  large  and  round. 
[The  foramen  is  smaller  in  PI 3 139,  due  to  the 
presence  of  the  entotympanic.  The  foramen  is  also 
more  oval  in  appearance,  with  its  long  axis  ori- 
ented posterolateral  to  anteromedial.]  There  is  a 
large  epitympanic  sinus  [extending  anteriorly  into 
the  squamosal].  The  glenoid  fossa  is  transverse, 
similar  to  that  of  Acratocnus.  [A  clear  postglenoid 
foramen  is  present  on  both  sides  of  the  skull  in 
amnh  9241.] 


Pronothrotherium  typicum,  fmnh  PI 4467,  Plio- 
cene Araucanense  Formation  of  Argentina. 
Figure  9A-B. 


The  tympanic  is  well  developed,  aligned  an- 
tero posteriorly,  and  broadened  in  the  medial  di- 
rection, much  more  so  anteriorly  than  posteriorly, 
as  in  Megatherium.  The  anterior  crus  sends  for- 
ward a  small  process  that  indents  the  squamosal 
posterior  to  the  glenoid  fossa.  [A  similar  process 
has  been  described  by  Guth  (1961,  pp.  120-121, 
fig.  103)  in  Scelidotherium  leptocephalum,  where 
it  forms  the  anterior  border  to  the  fissura  Glaseri.] 
Posteriorly  the  tympanic  forms  the  greater  part  of 
the  anterior  boundary  of  the  fossa  for  the  stylohyal. 
It  is  not  expanded  laterally,  in  contrast  to  Mega- 
therium. Anteriorly,  save  for  the  dorsal  extremity, 
it  is  not  in  contact  with  the  squamosal  or  ptery- 
goid, but  projects  freely  forward  toward  the  gle- 
noid fossa.  In  this  it  resembles  Megatherium  and 
Bradypus,  the  condition  being  less  pronounced  than 
in  the  former,  more  than  in  the  latter.  The  bony 
meatus  is  very  short;  a  ventral  component  is  prac- 
tically absent.  The  superficies  meatus  extends  lat- 
erally and  a  little  posteriorly;  it  continues  dorsally 
in  a  smooth  curve  into  the  lateral  surface  of  the 
squamosal.  The  porus  [acousticus  of  the  tympanic] 
is  oval  with  the  bony  diameter  running  postero- 
dorsally-antero  ventrally.  The  relations  of  the  cru- 
ra to  the  squamosal  are  very  similar  to  the  con- 
ditions in  Bradypus. 

The  entotympanic  runs  forward  in  an  anterior 
and  slightly  medial  direction.  It  is  divided  roughly 
into  two  portions,  an  anterolateral  and  a  postero- 
medial. The  anterolateral  is  united  suturally  with 
the  tympanic,  forming  an  osseous  bulla  as  in  Brad- 
ypus and  Megatherium.  It  is  produced  antero- 
medially  into  a  prominent  blunt  process,  resem- 
bling the  corresponding  structure  in  Megatherium, 
which  abuts  against  the  pterygoid  for  the  greater 
part  of  its  depth.  The  tip  projects  freely.  The  pos- 
teromedial portion  does  not  reach  as  far  ventrally 
as  the  anterolateral;  the  two  are  closely  connected 
and  are  separated  ventrally  only  by  a  shallow 
groove  into  which  minor  foramina  open.  This  por- 
tion of  the  entotympanic  is  better  developed  than 
in  Megatherium.  Its  caudal  extremity  forms  the 
medial  part  of  the  fossa  for  the  stylohyoid  and 
participates  to  a  slight  extent  in  the  anterolateral 
portion  of  the  foramen  lacerum  posterium. 

The  opening  for  the  Eustachian  tube  occupies 
the  same  position  as  in  Bradypus  and  Megatheri- 
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Fig.  9.     Pronothrotherium  typicum,  fmnh  P14467:  A-B,  posterior  portion  of  skull  shown  in  ventral  and  left  lateral 
views.  Hapalops  elongatus,  fmnh  PI  3 138:  C-D,  posterior  portion  of  skull  shown  in  ventral  and  left  lateral  views. 


um.  The  styliform  process  is  broken  in  the  avail- 
able material. 

The  tympanohyal  is  almost  identical  to  that  of 
Megatherium,  but  participates  to  a  greater  extent 


in  the  formation  of  the  fossa  for  the  stylohyal.  The 
fossa  is  similar  in  the  two  forms,  the  only  appre- 
ciable difference  being  that  in  Pronothrotherium  it 
is  posterior  rather  than  posteromedial  to  the  tym- 


30 


FIELDIANA:  GEOLOGY 


panic  due  to  the  enlargement,  particularly  in  the 
caudal  direction,  of  the  tympanic  in  the  Pleisto- 
cene form. 

The  cavum  tympani  [i.e.,  tympanic  or  middle 
ear  cavity]  is  filled  with  very  hard  matrix  so  that 
no  details  can  be  determined.  [The  right  side  of 
the  skull  has  now  been  prepared  to  such  an  extent 
that  details  of  the  composition  of  the  tympanic 
cavity  walls  can  be  made  out.  The  cavity  is  floored 
by  the  tympanic  and  entotympanic,  the  latter  be- 
ing hollowed  out  dorsally  as  in  the  mylodontoids. 
The  posterior  wall  is  formed  largely  by  the  tym- 
panohyal,  although  there  is  a  small  entotympanic 
contribution  via  the  usual  process  extending  lat- 
erally from  the  entotympanic  to  the  tympanohyal. 
The  anterior  and  lateral  walls  are  formed  by  the 
tympanic  and  squamosal,  along  with  a  small  an- 
teromedioventral  participation  of  the  pterygoid. 
The  medial  wall  is  composed  of  entotympanic  and 
petrosal.  The  processus  cristae  facialis  is  clearly 
present  but  damaged,  and  a  large  epitympanic  re- 
cess and  sinus  are  present.] 

The  pars  petrosa  of  the  periotic  descends  lat- 
erally and  lies  against  the  side  of  the  basis  cranii. 
Its  anteroventral  face  is  rather  wide  and  flat,  and 
forms  a  conspicuous  angle  with  the  slightly  con- 
cave lateral  face.  [This  anteroventral  face  appears 
to  us,  upon  further  preparation,  to  be  a  broken 
portion  of  the  entotympanic]  The  limits  of  the 
mastoid  are  not  clear.  This  element  evidently 
formed  the  posterior  portion  of  the  fossa  for  the 
stylohyal  and  appears  to  have  contributed  little,  if 
at  all,  to  the  mastoid  process,  which  is  as  well 
developed  as  in  Bradypus. 

The  internal  carotid  ran  forward  beneath  the 
medial  portion  of  the  entotympanic.  The  foramen 
lacerum  medium  is  situated  above  the  tip  of  the 
projecting  process  of  the  entotympanic.  A  few  small 
vascular  openings  occur  in  the  posterior  portion 
of  the  glenoid  fossa,  as  in  Megatherium,  and  along 
the  squamoso-parietal  suture.  The  mastoid  fora- 
men is  in  the  usual  position.  The  foramen  lacerum 
posterium  is  large,  elongate  anteroposteriorly,  and 
continues  forward  into  the  groove  for  the  internal 
carotid  [i.e.,  it  opens  up  into  this  groove],  as  in 
Bradypus  and  Megatherium.  [In  Bradypus,  this 
groove  is  formed  entirely  by  the  entotympanic  and 
is  wholly  ventral  to  the  basicranium,  whereas  in 
Pronothrotherium,  as  well  as  in  Megatherium/  Er- 
emotherium,  the  sulcus  is  walled  medially  by  the 
basioccipital.  Nothrotheriops  is  intermediate  be- 
tween these  two  conditions,  with  the  anterior  por- 
tion of  the  sulcus  walled  medially  by  the  entotym- 
panic and  the  posterior  portion  walled  medially 


by  the  basioccipital.]  Also,  as  in  these  forms,  the 
venous  drainage  through  the  foramen  magnum  was 
limited.  [Pronothrotherium  does  not  possess  a  dis- 
tinct groove  that  exits  the  skull  through  the  fora- 
men magnum.]  The  stylomastoid  foramen  opens 
immediately  behind  the  descending  portion  of  the 
posterior  crus  of  the  tympanic  and  between  the 
anterior  extremities  of  the  tympanohyal  and  the 
mastoid  process.  Since  the  posterior  part  of  the 
facial  canal  is  floored  by  the  tympanic,  its  orifice 
is  a  foramen  definitivum.  As  in  the  other  brady- 
podids,  the  foramen  faces  more  ventrally  than  in 
the  mylodontids.  [What  Patterson  and  Segall  mean 
by  "other  bradypodids"  is  not  clear,  because  they 
clearly  do  not  support  a  monophyletic  Bradypod- 
idiae,  sensu  Simpson,  1945.  However,  both  Noth- 
rotheriops and  Megatherium/ Eremotherium  have 
a  ventrally  directed  stylomastoid  foramen,  much 
like  that  of  Pronothrotherium.] 


Hapalops  (based  in  large  part  on  fmnh  PI 3 138). 
Figure  9C-D. 

[We  have  also  compared  the  description  given 
below  with  Field  Museum  specimens  PI 3 133, 
PI 3 135,  and  PI 3278,  which  Patterson  and  Segall 
certainly  studied  also.  All  specimens  are  taken  from 
the  Miocene  Santa  Cruz  Formation  of  Argentina.] 

The  tympanic  is  exceptionally  well  preserved  in 
fmnh  PI 3 138,  somewhat  less  so  in  PI 3 135.  It  is 
larger,  relative  to  the  size  of  the  skull,  and  has  a 
rougher  surface  than  in  either  Pelecyodon  or  Schis- 
motherium,  and  again  unlike  these  forms,  the  an- 
terior crus  continues  upward  in  a  smooth  curve 
and  does  not  show  a  tendency  to  diverge  laterally; 
both  of  these  characters  are  points  of  resemblance 
to  Bradypus.  The  bone  is  expanded  medially  far 
beyond  the  primitive  ringlike  condition.  The  an- 
terior surface  is  not  obscured,  as  it  is  in  Pelecy- 
odon, by  the  ridge  on  the  squamosal  posteroin- 
ternal to  the  glenoid  surface.  This  ridge  is  very  low 
in  Hapalops.  The  medial  surface  approaches  the 
entotympanic  very  closely  along  its  entire  length, 
not  deviating  from  it  posteriorly,  as  occurs  in 
Schismotherium  and  Choloepus.  Posteriorly  it  is 
in  contact  with  the  fossa  for  the  stylohyal.  The 
crura  rest  in  a  small,  rugose  excavation  on  the 
underside  of  the  superficies  meatus  of  the  squa- 
mosal; the  [small]  incisura  tympanica  is  2-3  mm 
in  width.  Van  der  Klaauw  (1931b,  p.  294)  states 
that  the  tympanic  is  fused  with  the  skull  at  the  two 
extremities;  this  may  happen  in  old  individuals 
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but  we  have  not  detected  any  trace  of  it  in  spec- 
imens examined  by  us.  He  also  remarks  that  the 
tympanic  is  narrow  and  without  a  distinct  medial 
expansion.  The  bone  is  of  course  narrow  in  com- 
parison with  those  of  Brady  pus  and  Megatherium 
or  even  Pronothrotherium,  but  is  clearly  wider  and 
expanded  medially  in  comparison  with  such  forms 
as  Choloepus  or  Schismotherium.  The  porus  is 
round-oval  with  the  longer  diameter  dorsoventral 
and  distinctly  smaller,  as  van  der  Klaauw  notes 
[(1931b,  p.  294)],  than  the  medial  opening.  There 
is  a  very  short  recessus  meatus.  [The  recessus  me- 
atus is  "the  most  proximal  part  of  the  bony  ex- 
ternal auditory  meatus,  set  off  from  the  meatus 
proper  by  its  broader  diameter,"  as  defined  by 
McDowell,  1958,  p.  128.]  The  sulcus  tympanicus 
and  crista  tympanica  are  well  defined,  the  crista 
continuing  dorsally  [two-thirds  of  the  way  up  the 
anterior  crus,  and  about  half  the  way  up  the  pos- 
terior crus].  Medial  to  the  crista  the  tympanic  con- 
tinues for  a  short  distance  to  form  a  rudimentary 
floor  of  the  cavum  tympani.  The  sulcus  malleolaris 
is  exceedingly  broad. 

Seen  from  below,  the  entotympanic  has  the  usu- 
al irregularly  triangular  appearance  with  a  long, 
lateral,  vertical  plate  and  a  medial  extension  that 
bears  a  shorter  medial  plate.  The  lateral  plate  runs 
parallel  with  and  in  close  proximity  to  the  tym- 
panic; it  extends  anteriorly  to  the  pterygoid,  where 
it  curves  laterally  for  a  short  distance.  Posteriorly 
it  forms  the  medial  part  of  the  fossa  for  the  sty- 
lohyal  and  continues  with  hardly  an  interruption 
into  the  paroccipital  process.  [The  latter  is  weakly 
developed  and]  appears  to  be  lower  than  the  mas- 
toid and  tympanohyal  in  our  material,  contra  van 
der  Klaauw  (193  lb,  p.  295).  It  does  not  participate 
in  the  fossa  for  the  stylohyal.  The  entotympanic 
is  broadest,  not  narrower  (cf.  van  der  Klaauw, 
1 93 1  b,  p.  296),  medial  to  the  tympanohyal;  it  nar- 
rows immediately  anterior  to  the  [stylohyal]  fossa 
and  then  widens  again  but  never  becomes  as  wide 
anteriorly  as  posteriorly.  The  medial  extension  of 
the  entotympanic  begins  abruptly  at  the  level  of 
the  anterior  end  of  the  fossa  for  the  stylohyal, 
forming  the  anterior  border  for  the  foramen  lace- 
rum  posterium,  and  runs  forward  in  close  contact 
with  the  straight  lateral  border  of  the  basioccipital. 
This  extension  supports  a  short,  ventrally  directed 
eminence  that  forms  the  medial  border  of  the  sul- 
cus caroticus.  Between  this  medial  extension  and 
the  basioccipital  there  is  a  well-defined  antero- 
posteriorly  directed  groove.  [Rostrally,  the]  ento- 
tympanic is  connected  with  the  basisphenoid,  not 
the  basioccipital  [as  suggested  by  van  der  Klaauw 


(1931b,  p.  298)].  The  whole  rostral  part  of  the 
entotympanic  is  more  ventral  than  the  unswollen 
basicranium.  Anteroexternally  the  bone  bears  a 
groove  for  the  Eustachian  tube.  Tympanic  and  en- 
totympanic are  in  contact  behind  the  groove  but 
are  separate  anterior  to  it. 

The  tympanohyal  is  inclined  posteriorly  to  a 
conspicuous  degree  [especially  in  fmnh  PI 3 138 
and  PI 3278,  but  much  less  marked  in  PI 3 135]. 
Within  the  fossa  for  the  tympanohyal  [lapsus:  sty- 
lohyal—which,  as  Patterson  and  Segall  noted,  is 
smaller  than  in  later  forms],  the  boundaries  be- 
tween the  various  elements— tympanohyal,  ento- 
tympanic, and  mastoid— are  very  clearly  shown 
in  fmnh  PI  3 138  (fig.  9C-D). 

The  mastoid,  so  far  as  can  be  seen,  forms  the 
usual  rather  narrow  strip  between  exoccipital  and 
squamosal;  anteriorly  it  is  indistinguishably  fused 
with  the  squamosal  in  all  specimens  that  we  have 
seen.  The  mastoid  process  is  large  and  forms  a 
rather  conspicuous  posteroexternal  eminence  in 
the  ventral  view  of  the  skull.  [The  epitympanic 
recess  is  large  and  elongate  anteroposteriorly.  The 
recess  is  quite  deep,  apparently  opening  into  an 
epitympanic  sinus,  the  extent  of  which  cannot  be 
determined  in  the  material  at  hand.] 

The  carotid  foramen  is,  as  usual,  enclosed  by 
the  entotympanic  and  is  situated  at  the  anterior 
end  of  a  groove  running  between  the  medial  and 
lateral  vertical  plates  of  the  entotympanic.  The 
sulcus  is  situated  entirely  in  the  entotympanic  and 
not  between  this  bone  and  the  basioccipital  as  van 
der  Klaauw  reported  (1931b,  p.  298).  The  post- 
glenoid  foramen  is  very  small,  sometimes  absent, 
and  frequently  variable  in  development  on  the  two 
sides  of  a  specimen;  it  is  situated  immediately  an- 
teroexternal  to  the  point  of  attachment  of  the  an- 
terior crus  of  the  tympanic.  There  is  no  definite 
subsquamosal  foramen,  but  a  number  of  small, 
variable  vascular  openings  are  present  in  the  squa- 
mosal and  some  larger  ones  along  the  squamoso- 
parietal  suture.  The  foramen  lacerum  medium  is 
a  minute  opening  situated  at  the  anterior  extremity 
of  the  entotympanic  between  this  element  and  the 
pterygoid  [very  much  resembling  the  condition  in 
Bradypus].  The  foramen  lacerum  posterium  is  large 
and  transversely  oval  in  outline;  it  is  bounded  an- 
teriorly and  laterally  by  the  entotympanic,  medi- 
ally by  the  basioccipital,  posteriorly  by  the  exoc- 
cipital. The  stylomastoid  foramen  is  a  foramen 
primitivum,  but  the  tympanic  is  on  the  verge  of 
forming  a  third  part  to  the  canal.15  The  chorda 

15  [Patterson  and  Segall  are  referring  here  to  van  der 
KJaauw's  (1931b,  following  van  Kampen,  1905)  division 
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tympani  left  the  tympanic  cavity  through  a  minute 
canal  in  the  lateral  extremity  of  the  fissura  Glaseri, 
medioventral  to  the  attachment  of  the  anterior 
crus  of  the  tympanic.  [The  fissura  Glaseri  itself  lies 
between  the  broad  sulcus  malleolaris  and  the  squa- 
mosal, and  opens  externally  near  the  squamosal/ 
pterygoid  suture.  The  fissura  lies  just  above  a  much 
larger  opening  that  serves  to  connect  the  tympanic 
cavity  to  a  prominent  groove  running  along  the 
posterolateral  edge  of  the  pterygoid.  The  function 
of  this  groove  is  unknown,  though  it  may  have 
served  as  a  site  of  origin  for  the  tensor  veli  palatini 
muscle.] 


The  Megatherines 

Eremotherium  (Megatherium)  mirabile.  Figures 
10-11. 16 

The  tympanic  is  a  stout,  very  rugose  bone  with 
a  triangular  enlargement  that  extends  medially 
from  the  floor  of  the  meatus  and  slightly  overlaps 
the  entotympanic  ventrally.  The  short  external  au- 
ditory meatus  is  directed  laterally;  the  dorsal  and 
ventral  walls  are  approximately  equal  in  length. 
[The  dorsal  wall  appears  to  us  slightly  longer.]  The 
porus  is  roughly  circular  and  lies  in  a  nearly  sagittal 
plane,  being  inclined  about  10  degrees  from  the 
vertical  in  a  ventromedial  direction.  In  Bradypus 
the  inclination  from  the  vertical  is  much  greater. 
The  tympanic  ring  is  open  above,  the  squamosal 
participates  to  a  slight  extent  in  the  dorsal  wall 


of  the  course  of  the  facial  nerve  through  the  ear  region 
(i.e.,  the  "canalis  facialis")  into  as  many  as  three  parts. 
The  first  part  is  the  facial  canal  proper,  passing  through 
the  petrosal  from  the  internal  auditory  meatus  to  the 
facial  foramen.  The  second  part  is  the  facial  sulcus,  run- 
ning medial  to  the  crista  facialis  from  the  facial  foramen 
to  the  stylomastoid  foramen  primitivum.  The  third  part, 
when  present,  is  a  canal  extending  from  the  foramen 
primitivum  to  the  foramen  definitivum.] 

16  [The  specimen  referred  to  by  Patterson  and  Segall 
as  Megatherium  americanum,  fmnh  P26970  from  the 
Pleistocene  of  Honduras,  belongs  rather  to  the  genus 
Eremotherium,  according  to  both  its  geographic  distri- 
bution and  the  diagnosis  provided  by  Hoffstetter  ( 1 952). 
Its  specific  designation,  E.  mirabile,  was  provided  to  us 
through  the  courtesy  of  a  personal  communication  from 
Gerry  Deluliis  of  the  University  of  Toronto.  Following 
this  description  is  a  brief  discussion  of  a  specimen  Pat- 
terson and  Segall  refer  to  as  Megatherium  (Pseudomega- 
therium)  lundi,  fmnh  P 142 16,  from  the  Pleistocene 
Tarija  Formation  of  Bolivia.  It  would  appear  that  this 
animal  indeed  belongs  to  the  genus  Megatherium,  and 
that  the  differences  noted  between  it  and  the  above  spec- 
imen constitute  generic  level  differences.] 


of  the  meatus.  A  recessus  meatus  can  hardly  be 
distinguished.  The  crista  tympanica  is  moderately 
developed  and  sharp  in  fmnh  P26970,  running 
well  up  on  each  side,  evidently  to  the  limits  of  the 
[tympanic]  spinae,  where  the  two  extremities  ap- 
proach each  other.  The  spinae,  especially  the  an- 
terior, are  well  developed.  Between  and  above  them 
is  the  large  incisura  tympanica,  whose  presence 
imparts  a  pear-shaped  outline  to  the  hole  opening 
into  the  middle  ear.  The  sulcus  tympanicus  is 
moderately  developed,  being  most  clearly  defined 
anteroventrally.  Lateral  to  the  crista  [and  sulcus], 
the  wall  to  the  meatus  is  ridged  and  grooved,  es- 
pecially anteriorly,  and  perforated  by  several  small 
vascular  canals,  one  of  which  runs  back  to  open 
lateral  to  the  stylomastoid  foramen. 

In  the  adult  skull,  the  tympanic  is  for  the  most 
part  fused  with  the  surrounding  elements.  This  is 
true  of  the  squamosal  and  of  the  mastoid  poste- 
riorly. Between  the  tympanic  and  the  large  process 
for  the  stylohyal  (formed  mainly  by  the  mastoid) 
there  is  a  deep,  rather  sinuous  groove  that  is  closed 
anteriorly  at  the  junction  of  the  entotympanic  and 
the  apex  of  the  medial,  triangular  enlargement  of 
the  tympanic. 

The  foramen  stylomastoideum  definitivum 
opens  at  the  posterior  end  of  this  groove;  three 
additional  foramina  also  open  into  it  [i.e.,  the 
groove]  (see  below).  Tympanic  and  entotympanic 
are  in  contact  only  at  the  junction  of  the  medial 
enlargement  of  the  latter.  There  is  no  postglenoid 
process  of  the  squamosal;  the  anterior  portion  of 
the  tympanic  in  this  region  is  very  thick,  rugose, 
and  directed  ventrally.  The  fissura  Glaseri  is  oblit- 
erated, but  the  opening  for  the  chorda  tympani  is 
visible  above  [i.e.,  anterodorsolateral  to]  the  ori- 
ficium  tubae  (see  below). 

The  entotympanic  is  essentially  an  irregular,  an- 
teroposteriorly  directed  vertical  plate  of  bone.  It 
extends  from  the  lateral  margin  of  the  foramen 
lacerum  posterium  to  a  point  medial  to  the  center 
of  the  external  auditory  meatus.  Here  its  extremity 
turns  medially  to  spread  over  and  fuse  with  the 
basisphenoid.  The  anterior  portion  forms  a  con- 
spicuous, ventrally  directed  process  that  unites  with 
the  medial  enlargement  of  the  tympanic.  Postero- 
laterally  it  is  fused  with  the  process  for  the  stylo- 
hyal; anterolaterally  it  forms  the  medial  wall  of 
the  anterior  portion  of  the  groove  between  tym- 
panic and  stylohyal  process  described  above.  A 
broad  and  deep  cleft,  running  between  the  foramen 
lacerum  posterium  and  the  carotid  foramen,  sep- 
arates the  greater  part  of  it  from  the  basioccipital 
and  basisphenoid.  In  the  upper  part  of  this  cleft 
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three  processes  from  the  medial  surface  of  the  en- 
totympanic  extend  downward  and  medially  along 
the  side  of  the  basisphenoid.  Between  and  behind 
these  processes  are  two  foramina  that  lead  dorsally 
into  the  tympanic  cavity.  Similar  processes  have 
been  described  at  length  by  van  der  Klaauw 
(1930a).  The  cleft  was  occupied  in  life  by  the  in- 
ternal carotid  artery  (see  below). 

The  opening  to  the  Eustachian  tube  is  large;  it 
is  bordered  anteriorly  by  the  pterygoid  and  pos- 
teriorly by  the  entotympanic  and  tympanic.  After 
leaving  the  middle  ear,  the  tube  continues  in  a 
groove  formed  by  the  anterior  extremity  of  the 
entotympanic  and  the  posterior  face  of  the  pter- 
ygoid. This  groove  is  directed  ventrally  and,  to  a 
slight  extent,  craniomedially. 

The  tympanohyal  is  clearly  visible  in  transverse 
section;  it  is  a  stout,  ventrally  directed  pillar  sit- 
uated between  the  periotic  and  tympanic  and  fused 
dorsally  with  the  ventrally  directed  portion  of  the 
crista  facialis.  It  continues  ventrally  to  form  the 
anteroexternal  portion  of  the  large,  circular  fossa 
for  the  reception  of  the  stylohyal.  The  mastoid 
appears  to  form  the  posteroexternal  and  posterior 
portions  of  this  fossa,  and  the  entotympanic  the 
medial. 

The  tympanic  cavity  is  slightly  deeper  than  wide 
and  quite  short  anteroposteriorly.  Its  floor  is 
formed,  for  the  most  part,  by  the  entotympanic; 
the  tympanic  participates  laterally  to  a  much 
smaller  extent.  A  narrow  cleft  separates  the  two 
bones.  The  most  anterior  of  the  foramina  seen 
externally  in  the  deep,  sinuous  groove  between  the 
tympanic  laterally  and  the  entotympanic  and  sty- 
lohyal process  medially  (van  der  Klaauw,  1930a, 
p.  135)  leads  into  a  canal  that  opens  internally  into 
the  tympanic  cavity  within  this  narrow  cleft.  That 
portion  of  the  floor  supplied  by  the  entotympanic 
slopes  gently  upward  into  a  wedge-shaped  process 
between  periotic  and  tympanohyal.  The  lateral 
border  of  this  wedge  and  the  adjacent  portion  of 
the  tympanic  form  a  semilunar  notch  beyond  which 
the  tympanohyal  leaves  the  cavity.  Between  these 
three  elements  is  a  large  foramen  leading  to  two 
canals,  a  larger  lateral  and  a  smaller  medial,  that 
open  ventrally  anterior  and  medial  to  the  foramen 
stylomastoideum  definitivum  in  the  posterior  part 
of  the  sinuous  groove  referred  to  above.  Dorsal  to 
the  apex  or  the  wedge  formed  by  the  entotympanic 
is  another  large  foramen  leading  to  a  canal  that 
opens  externally  in  the  posterior  portion  of  the 
deep  groove  for  the  carotid  artery.  Judging  from 
its  position,  this  canal  could  have  transmitted  the 
stapedial  artery.  In  the  medial  wall  there  is  a  nar- 


row fissure  between  the  entotympanic  and  the  lat- 
erally projecting  periotic.  A  small  canal  between 
these  two  bones  leads  from  the  fissure  to  the  ca- 
rotid groove  where  it  opens  anterior  to  the  canal 
just  described.  In  the  anterior  portion  of  the  cavity 
the  medial  border  of  the  tympanic  forms  a  sharp 
ridge  that  constitutes  the  lateral  boundary  of  the 
large  opening  for  the  Eustachian  tube.  Ventrally, 
this  opening  is  bounded  by  the  entotympanic  and, 
to  a  lesser  extent,  tympanic,  medially  by  the  en- 
totympanic. The  anterior  wall  of  the  opening  is 
formed,  to  a  large  extent,  by  the  pterygoid. 

The  walls  of  the  tympanic  cavity  converge  dor- 
sally to  a  slight  extent  to  form  the  large  foramen 
pneumaticum  leading  to  the  recessus  epitympan- 
icus  [lapsus:  epitympanic  sinus].  [Note  that  van 
der  Klaauw  (1930a,  p.  131)  claims  that  the  epi- 
tympanic recess  lacked  any  "entrance  to  accessory 
cavities".]  The  recess  [sinus]  is  larger  than  the  tym- 
panic cavity  but  is  much  less  extensive  than  in 
either  Bradypus  or  Choloepus,  projecting  to  only 
a  moderate  degree  anteriorly,  and  not  at  all  pos- 
teriorly, beyond  the  level  of  the  tympanic  cavity. 
Laterally  it  extends  slightly  beyond  the  level  of  the 
sulcus  tympanicus  and  medially  it  overlies  the 
periotic  for  about  half  of  its  width.  Several  ridges 
radiate  from  the  margins  of  the  pneumatic  fora- 
men and  a  number  of  small  bony  projections  are 
present.  This  is  a  point  of  resemblance  to  Bradypus 
and  of  contrast  to  Choloepus.  The  periotic  is  more 
posteriorly  situated,  relative  to  the  tympanic  cav- 
ity, than  in  either  Bradypus  or  Choloepus,  and  does 
not  extend  anteriorly  beyond  the  level  of  the  an- 
terior margin  of  the  external  auditory  meatus.  The 
fenestrae  accordingly  occupy  a  posterior  position 
within  the  tympanic  cavity,  the  fenestrae  cochleae 
being  barely  visible  in  the  section.  The  internal 
auditory  meatus  is  oval,  bony,  and  directed  pos- 
teromedially.  The  division  for  the  facial  and 
acoustic  nerves  cannot  be  seen  from  the  orifice. 
The  hiatus  subarcuatus  [i.e.,  subarcuate  fossa]  oc- 
cupies the  same  position  as  in  the  tree  sloths.  The 
cranial  surface  of  the  periotic  is  overlapped  dor- 
sally by  a  downgrowth  of  the  squamosal.  The  lim- 
its of  the  mastoid  portion  of  the  periotic  cannot 
be  seen.  This  element  probably  formed  most  of 
the  irregularly  triangular,  depressed  area  between 
the  occiput  and  the  root  of  the  zygoma. 

The  groove  between  the  basis  cranii  and  the 
entotympanic  for  the  internal  carotid  artery  has 
been  described  above.  At  the  anterior  end  of  this 
groove,  opposite  the  external  auditory  meatus,  the 
artery  entered  a  short  canal  that  runs  dorsal  to  the 
periotic  and  then  turns  sharply  medially  to  open 


36 


FIELDIANA:  GEOLOGY 


into  the  braincase.  After  leaving  this  canal,  the 
artery  ran  medially  in  a  well-drained  [lapsus?:  well- 
defined]  channel  in  the  dorsal  surface  of  the  ba- 
sisphenoid.  The  canals  connecting  the  carotid 
groove  and  the  tympanic  cavity  have  been  de- 
scribed above. 

The  main  drainage  of  the  transverse  sinus  sys- 
tem is  through  the  large  foramen  lacerum  posteri- 
um.  [Traces  of  the  transverse  sinus  system  are  vis- 
ible as  a  series  of  grooves  on  the  internal  surface 
of  the  braincase.  The  superior  petrosal  sinus  is 
marked  by  a  deep  groove  running  posteriorly  along 
a  lappet  of  the  squamosal  bone  that  covers  the 
dorsal  portions  of  the  petrosal.  This  groove  emp- 
ties into  a  wider  but  somewhat  shallower  groove 
in  the  presumed  vicinity  of  the  squamosal-su- 
praoccipital  junction.  The  wide  groove  is  clearly 
a  remnant  of  the  sigmoid  sinus,  and  it  runs  in  a 
gentle  S-shaped  curve  ventrally  and  slightly  an- 
teriorly to  empty  into  the  foramen  lacerum  pos- 
terium.  The  groove  for  the  sigmoid  sinus  is  also 
joined  by  a  deep  groove  apparently  representing 
the  transverse  sinus.  This  groove  curves  medially 
in  a  U-shaped  arc,  first  dorsally,  then  ventrally, 
and  then  splits  near  the  midline  into  a  vessel  that 
opens  out  onto  the  external  surface  of  the  occiput, 
and  one  that  travels  dorsally  to  connect  with  the 
midline  groove  for  the  superior  sagittal  sinus.] 
Several  minute  venous  openings  in  the  squamoso- 
tympanic  junction  behind  the  glenoid  cavity  and 
a  series  of  larger  openings  along  the  squamoso- 
parietal  suture  are  tributaries  to  this  system  [as  are 
the  postglenoid  foramina].  The  mastoid  foramen 
occupies  the  usual  position.  The  inferior  petrosal 
sinus  ran  back  in  a  small  groove  beneath  the  me- 
dial edge  of  the  periotic,  between  this  element  and 
the  basisphenoid.  Near  the  anterior  end  of  the 
periotic  this  groove  bends  sharply  laterally  and 
then  ventrally,  where  it  is  only  incompletely  sep- 
arated from  the  carotid  canal.  After  a  short  dis- 
tance it  turns  posteriorly  to  continue  as  a  canal 
that  runs  back  to  the  foramen  lacerum  posterium 
above  the  carotid  groove. 

The  course  of  the  facial  nerve  is  well  shown. 
The  exposed  part  of  the  canalis  facialis  within  the 
tympanic  cavity  is  short.  The  crista  facialis  is  well 
developed  and  deep;  it  continues  anteriorly  into  a 
rather  structureless  mass  of  bone  that  is  wedged 
between  the  anterior  end  of  the  pars  petrosa  and 
the  ventral  wall  of  the  epitympanic  sinus.  This 
bony  mass  is  clearly  the  homologue  of  the  rather 
elaborately  developed  anterior  processes  of  the 
crista  facialis  seen  in  other  edentates,  particularly 
the  armadillos.  Posteriorly  the  crista  unites  with 


the  tympanohyal.  The  facial  canal  runs  between 
the  periotic  and  the  tympanohyal,  this  part  of  its 
course  being,  by  definition,  the  foramen  stylo- 
mastoideum  primitivum,  and  then  continues  pos- 
teriorly to  open,  between  tympanic  and  periotic, 
in  the  foramen  stylomastoideum  definitivum  sit- 
uated at  the  posterior  end  of  the  sinuous  groove 
on  the  base  of  the  skull  described  above.  Lateral 
and  slightly  dorsal  to  the  upper  end  of  the  tym- 
panohyal is  the  opening  for  the  entrance  of  the 
middle  ear  to  the  tympanic  cavity.  [It  is  unclear 
which  opening  Patterson  and  Segall  are  referring 
to  in  this  sentence.  The  opening  for  the  Eustachian 
tube  is  located^  medial  and  dorsal  to  the  upper  end 
of  the  tympanohyal,  whereas  the  foramen  pneu- 
maticum  (i.e.,  the  opening  into  the  epitympanic 
sinus)  is  lateral  and  dorsal  to  the  upper  end  of  the 
tympanohyal.  It  is  possible  also  that  they  are  re- 
ferring to  the  stylomastoid  foramen,  which  is  an- 
terior, lateral,  and  dorsal  to  the  lower  end  of  the 
tympanohyal.]  The  canal  of  Huguier  [a.k.a.  fissura 
Glaseri]  for  the  exit  of  the  chorda  [tympani]  is  in 
the  usual  position  medial  to  the  spina  tympanica 
anterior.  The  canal  opens  externally  lateral  and 
slightly  dorsal  to  the  orificium  tubae.  A  small 
groove  in  the  posterior  part  of  the  glenoid  fossa 
leads  to  the  opening  for  [this  canal]. 


Megatherium  (Pseudomegatherium)  lundi 

A  fairly  well-preserved  although  somewhat  dis- 
torted specimen  from  the  Pleistocene  of  Tarija, 
Bolivia,  fmnh  PI 42 16,  is  available  for  study. 

The  auditory  region  is  very  similar  to  that  of 
[Eremotherium]  {Megatherium),  the  difference  be- 
ing of  rather  a  superficial  kind.  Both  tympanic  and 
entotympanic  are  less  prominent,  particularly  in 
their  ventral  portions,  which  are  much  less  ex- 
tended and  less  rugose.  The  external  extension  of 
the  tympanic  forming  the  ventral  wall  of  the  ex- 
ternal auditory  meatus  is  much  smaller  and  the 
porus  consequently  faces  more  ventrally.  The  me- 
atus is  relatively  shorter  and  smaller  and  dimin- 
ishes in  size  medially  until  the  internal  diameters 
are  only  half  those  at  the  porus.  The  sinuous  groove 
between  the  tympanic  and  the  process  for  the  sty- 
lohyal  is,  for  the  most  part,  lacking.  The  process 
for  the  stylohyal  reaches  farther  ventrally,  due 
largely  to  the  lesser  development  of  the  tympanic 
and  entotympanic,  and  anteriorly,  where  it  ex- 
tends forward  beneath  the  posterior  portion  of  the 
external  auditory  meatus.  There  is  a  large  opening 
anterior  to  and  continuous  with  the  orifice  of  the 
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foramen  lacerum  posterium  in  which  the  periotic 
is  widely  exposed.  This  opening  was  filled  in  part 
by  the  internal  carotid,  which  here  did  not  run  in 
so  well-defined  a  groove  as  in  [Eremotherium] 
{Megatherium).  The  opening  of  the  condylar  fo- 
ramen is  farther  forward,  directly  behind  the  fo- 
ramen lacerum  posterium.  A  distinct  postglenoid 
foramen  is  present.  The  stylomastoid  foramen  is 
directed  more  laterally  and  is  more  readily  visible, 
due  to  the  lesser  development  of  the  tympanic. 
Again  due  to  this  last  factor,  the  foramen  appears 
to  be  a  foramen  primitivum  rather  than  a  defini- 
tivum. 

The  majority  of  the  differences  are  clearly  to  be 
correlated  with  the  lesser  degree  of  development 
of  the  tympanic  in  M.  (Pseudomegatherium).  In 
the  absence  of  a  series  of  specimens  they  cannot 
properly  be  evaluated.  We  have  observed  that  in 
Bradypus  this  element  may  show  considerable 
variability  in  individuals  of  apparently  similar  ages. 

[As  with  their  descriptions  of  the  mylodont  ear 
region,  Patterson  and  Segall  included  with  their 
description  of  Megatherium  a  critique  of  a  paper 
by  van  der  Klaauw  ( 1 930a)  on  the  tympanic  region 
of  megatheres.  In  many  cases,  as  with  the  mylo- 
donts,  they  agreed  with  the  descriptions  of  van  der 
Klaauw,  and  many  of  the  points  of  disagreement 
have  been  discussed  already  in  the  descriptions 
above.  Still,  there  are  certain  points  of  contention 
with  the  earlier  work  that  are  not  discussed  above, 
and  yet  were  obviously  considered  significant  by 
Patterson  and  Segall.  These  criticisms  have  been 
edited  and  presented  in  the  following  few  para- 
graphs.] 

[In  contrast  to  the  description  given  by  van  der 
Klaauw  ( 1 930a,  p.  1 30),]  the  posterior  horn  [of  the 
tympanic]  does  not  appear  to  be  fused  with  the 
"processus  pro  stylohyale."  [Van  der  Klaauw 
(1930a,  p.  131)  describes  the  bulla  itself  as  being 
oriented  rostromedial  to  caudolateral.]  We  suspect 
that  [he]  has  mistaken  the  anterior  portion  of  the 
bulla  for  a  postglenoid  process.  We  believe  the  long 
axis  of  the  bulla  to  run  caudoventrally  to  rostro- 
laterally.  [In  describing  the  external  surface  of  the 
bulla,  van  der  Klaauw  (1930a,  p.  134)  mentions 
an]  infundibulum  posteromedial  to  the  styliform 
process.  [We  find  this]  difficult  to  understand;  we 
suspect  he  is  dealing  with  a  broken  remnant  of  the 
pterygoid  sinus. 

[We]  question  the  presence  of  a  fissure  between 
the  promontorium  and  dorsal  margin  of  the  en- 
totympanic  [as  was  claimed  by  van  der  Klaauw 


(1930a,  p.  130).17  Van  der  Klaauw  (1930a,  p.  131) 
states  that  the  entotympanic  formed  not  only  the 
anterior  wall,  but  also  a  small  portion  of  the  lateral 
wall  of  the  posterior  lacerate  foramen,  the  re- 
mainder of  the  wall  being  formed  by  the  exoccip- 
ital.  We  feel  that  the]  entotympanic  probably  forms 
only  the  anterior  [wall  and  that  the]  basioccipital 
forms  the  medial  and  the  exoccipital  the  posterior 
and  lateral  walls. 

[Van  der  Klaauw  (1930a,  pp.  132-134)  de- 
scribes a  groove  between  the  tympanic  and  pter- 
ygoid that  terminates  caudally  in  at  least  one,  and 
possibly  two  (depending  on  the  specimen)  open- 
ings. The  larger  and  more  posterior  of  the  openings 
he  calls  the  ostium  tympanicum  tubae.  The  small- 
er, more  anterolateral  opening  he  suggests  might 
be  a  foramen  for  the  tensor  tympani  muscle.]  In- 
sofar as  we  can  follow  the  involved  description, 
we  agree,  but  the  possible  opening  for  the  m.  tensor 
tympani  is  anterior  to,  much  smaller  than,  and  not 
separated  from  the  ostium  tympanicum  tubae.  Van 
der  Klaauw  may  have  been  confusing  the  foramen 
for  the  chorda  tympani  in  his  account. 


The  Schismotherium  Group 

So  his  mot  fieri  inn  tract  um  based  on  FMNH  PI  3 137, 
Miocene  Santa  Cruz  Formation,  Argentina. 
Figure  12. 

The  tympanic  is  as  small  as  but  slightly  more 
expanded  than  in  Pelecyodon  and  diverges  pos- 
teriorly from  the  entotympanic  to  a  greater  degree 
(agreeing  in  this  with  Choloepus  to  some  extent) 
but  is  not  otherwise  different.  The  ridge  formed 
by  the  squamosal  that  runs  posterointernal  to  the 
glenoid  fossa  is  much  less  pronounced  than  in  Pe- 
lecyodon, exposing  much  more  of  the  anterior  por- 
tion of  the  tympanic.  Anteriorly  there  is  a  rather 
large  gap  between  the  tympanic  and  the  squa- 
mosal. The  squamosal  is  somewhat  grooved  in  this 
region,  which  contributes  to  the  size  of  the  gap. 
This  groove  is  variably  developed  in  Hapalops, 
and  its  function  is  not  clear. 

The  entotympanic  is  a  relatively  small,  straight 
bony  plate;  its  ventral  margin  is  narrowed  poste- 
riorly and  slightly  wider  anteriorly  than  in  Pelecyo- 
don. It  is  directed  a  little  less  medially  than  in  that 


17  [W  T.  and  T.G.  note  the  presence  of  van  der  Klaauw's 
fissure  laterally,  although  it  does  not  appear  to  be  present 
on  the  medial  side  of  the  entotympanic] 
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genus  and  is  not  in  contact  with  the  tympanic 
except  at  a  point  immediately  posterior  to  the 
[opening  for  the]  Eustachian  tube.  Posteriorly  it  is 
continuous  with  the  insignificant  paroccipital  pro- 
cess. Ventrally,  it  descends  below  the  level  of  the 
basicranium,  the  basicranial  protuberance  that  is 
present  in  Pelecyodon  being  absent  in  Schismothe- 
rium.  The  medial  process  is  less  expanded  pos- 
teriorly and  the  carotid  groove  consequently  short- 
er. Due  to  the  slight  contact  of  tympanic  and 
entotym panic,  the  [opening  for  the]  Eustachian  tube 
is  poorly  defined.  Its  position  is  indicated  by  a 
very  small  rudiment  of  styliform  process  on  the 
tympanic. 

The  tympanohyal  is  considerably  larger  than  in 
Pelecyodon,  and  is,  indeed,  relatively  larger  than 
in  any  sloth.  It  forms  the  whole  of  the  fossa  for 
the  stylohyal,  neither  the  entotympanic  nor  the 
mastoid  participating  at  all.  Only  in  Choloepus  is 
a  situation  at  all  comparable  to  be  encountered. 
The  fossa  faces  ventrally  and  is  situated  directly 
behind  the  cleft  between  the  tympanic  and  the 
entotympanic.  It  is  flatter  and  less  excavated  than 
in  Pelecyodon. 

The  pars  petrosa  of  the  periotic  presents  no  dif- 
ficulties [i.e.,  it  bears  a  morphology  typical  of  at 
least  some  sloths,  and  in  fact  is  much  like  the 
petrosal  of  Hapalops].  The  epi tympanic  recess  leads 
directly  into  the  very  large  epitympanic  recess  [lap- 
sus: sinus].  The  mastoid  portion  is  not  clearly  de- 
terminable, but  presumably  ran  as  usual  in  the 
wide  groove  between  exoccipital  and  mastoid  pro- 
cess. The  latter  is  prominent,  sharp-edged  ven- 
trally and  caudally,  and  is  formed  by  the  squa- 
mosal. 

The  carotid  foramen  has  the  usual  position  and 
relations  to  surrounding  bony  elements.  There  is 
no  postglenoid  or  subsquamosal  foramen.  The 
mastoid  foramen  is  relatively  large  and  opens  pos- 
teriorly in  the  groove  between  exoccipital  and  sty- 
lomastoid process.  The  foramen  lacerum  medium 
is  small.  The  foramen  lacerum  posterium  is  egg- 
shaped,  continuing  anteriorly  in  a  progressively 
shallowing  groove  that  is  longer  than  in  Pelecy- 
odon or  Hapalops.  The  stylomastoid  foramen  is 
definitely  a  foramen  primitivum,  and  differs  in  no 
essential  feature  from  that  of  other  related  forms. 
The  course  of  the  chorda  tympani  can  clearly  be 
seen.  It  entered  the  tympanic  cavity  through  a 
rather  large  opening  between  the  posterior  portion 
of  the  tympanic  and  the  tympanohyal.  It  left  by  a 
smaller  opening  between  tympanic  and  squamosal 
near  the  lateral  end  of  the  fissura  Glaseri. 


Pelecyodon  sp.,  based  on  fmnh  PI 3 126,  Miocene 
Santa  Cruz  Formation,  Argentina.  Figure 
13A-B. 

The  tympanic  is  small,  ringlike  and  only  very 
slightly  expanded  medially  in  that  part  where  the 
horizontal  portion  continues  upward  into  the  an- 
terior crus.  It  is  inclined  somewhat  more  than  45 
degrees  to  the  horizontal.  The  anterior  crus  is  con- 
cealed anteriorly  by  a  broad  ridge,  formed  by  the 
squamosal,  that  bounds  the  glenoid  fossa  postero- 
internally.  Medially  the  tympanic  is  in  close  con- 
tact with  the  entotympanic,  the  two  bones  diverg- 
ing to  form  the  bony  opening  for  the  Eustachian 
tube,  posteriorly  with  the  tympanohyal.  The  lon- 
gest diameter  of  the  oval  porus  is  inclined  postero- 
dorsally-anteroventrally.  The  posterior  crus  turns 
forward  to  run  for  a  short  distance  along  the  ven- 
tral side  of  the  superficies  meatus. 

The  entotympanic  is  in  contact  laterally  with 
the  tympanic;  it  extends  rather  more  ventrally  than 
the  tympanic  in  the  region  of  contact  and  a  shallow 
groove  runs  between  the  two.  As  is  usual,  the  en- 
totympanic is  a  rather  simple,  straight  bone,  vary- 
ing but  little  in  width  throughout  its  course.  On 
the  medial  surface  it  is  grooved  posteriorly  and 
pierced  anteriorly  for  the  passage  of  the  carotid. 
At  its  anterior  extremity  it  sends  down  a  triangular 
projection  that  lies  against  an  elongate  protuber- 
ance on  the  lateral  side  of  the  basis  cranii.  This 
protuberance  is  more  anterior  in  position  and  more 
prominent  than  that  of  Hapalops,  and  appears  to 
involve  the  posterior  extremity  of  the  basicranial 
portion  of  the  pterygoid  as  well  as  the  anterolateral 
portion  of  the  basisphenoid.  The  pterygoid  wings 
diverge  posteromedially  [lapsus:  posterolaterally] 
as  they  approach  the  base  and  sides  of  the  cranium 
and  continue  dorsolateral^  into  the  ridge,  formed 
by  the  squamosal,  that  borders  the  tympanic  an- 
teriorly (see  above).  The  opening  for  the  Eusta- 
chian tube  is  situated  behind  and  slightly  medial 
to  the  root  of  the  pterygoid  wing.  The  posterior 
end  of  the  entotympanic  forms  a  part,  although 
not  a  large  one,  of  the  fossa  for  the  stylohyal,  which 
it  [borders]  anteromedially  and  medially.  Poste- 
riorly, the  entotympanic  continues  without  inter- 
ruption into  the  low  paroccipital  process. 

The  tympanohyal  is  relatively  large,  and  faces 
ventrally  and  a  little  posteriorly.  It  forms  approx- 
imately half  of  the  fossa  for  the  stylohyal,  which 
has  a  rather  high  and  sharply  defined  border.  The 
fossa  is  slightly  posteromedial  to  the  line  of  the 
tympanic-entotympanic  junction. 
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Fig.  13.  Pelecyodon  sp.,  fmnh  PI  3 126:  A-B,  posterior  portion  of  skull  shown  in  right  lateral  and  ventral  views. 
Myrmecophaga  tridactyla,  fmnh  49342:  C-D,  sectioned  skull,  with  cut  running  through  bulla,  petrosal,  and  braincase, 
shown  in  views  toward  anterior  and  posterior  sides  of  cut. 
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The  pars  petrosa  of  the  periotic  and  the  recessus 
epitympanicus  are  concealed  by  matrix.  The  pars 
mastoidea  is  prominent,  concave  posteriorly,  and 
forms  a  rather  sharp  crest  laterally  that  continues 
down  from  the  occipital  crest  to  end  ventrally  in 
the  blunt  mastoid  process. 

The  carotid  ran  in  the  usual  groove  formed  by 
the  entotympanic  and  the  basisphenoid,  and  en- 
tered the  entotympanic  through  the  carotid  fora- 
men, which  is  situated  in  the  usual  position.  There 
is  no  definitive  postglenoid  foramen,  but  several 
venous  openings  are  present  above  or  on  the  side 
of  the  root  or  the  zygoma;  there  are,  in  addition, 
several  small  openings  in  the  lateral  surface  of  the 
squamosal.  Similarly  there  appears  to  be  no  well- 
defined  mastoid  foramen  but  in  its  place  some 
irregularly  placed  minor  perforations  at  the  base 
of  the  mastoid  process.  The  foramen  lacerum  me- 
dium is  a  very  small  opening  at  the  anterior  ex- 
tremity of  the  bulla.  The  foramen  lacerum  pos- 
terium  is  large  and  oval  in  outline  with  the  long 
diameter  directed  anteroposteriorly.  The  stylo- 
mastoid foramen,  which  in  this  form  is  a  foramen 
primitivum,  opens  at  the  bottom  of  a  pit  on  the 
side  of  the  skull  immediately  posterior  to  the  tym- 
panic and  above  the  fossa  for  the  stylohyal. 


Anteaters 

Myrmecophaga  Linnaeus  and  Tamandua  Frisch; 
M.  tridactyla,  T.  mexicana,  T.  tetradactyla.18 

Figures  13C-D,  14A-B. 

Sixteen  skulls  of  M.  tridactyla  Linnaeus  and  36 
of  T.  tetradactyla  Linnaeus  have  been  examined. 


18  [The  following  specimens  of  Myrmecophaga  and 
Tamandua  were  examined: 

M.  tridactyla-B.P.  &  W.S.:  fmnh  15966,  20014, 
2656 1-62,  28309,  28309  (these  latter  two  specimens  were 
given  the  same  catalog  number),  28310, 4408 1-86,49338, 
49342  (illus.  in  fig.  1 3).  W.T.  &  T.G.:  fmnh  60688, 87898- 
901,  88490,  88890-91,  92078,  95014,  98159,  104936. 

T.  mexicana— B.?.  &  W.S.:  fmnh  13169-70,  14210, 
14476,  15163,  15965,  18764-65,  22397,  30740  (illus. 
in  fig.  14),  44070, 49846,  58545, 63918-19,  74915.  W.T. 
&  T.G.:  fmnh  68922-27,  69596-98,  80972,  89238, 
90062-64,  93095,  121192,  123994. 

T.  tetradactyla-B.P.  &  W.S.:  fmnh  37, 20973,  21338, 
24218-19,  25261,  26470,  26862,   34325,   34333-35, 


[Note:  Wetzel  (1985)  has  recently  provided  an  up- 
date on  the  species-level  taxonomy  of  anteaters. 
He  divides  the  genus  Tamandua  into  two  species, 
T.  tetradactyla  and  T.  mexicana.  We  examined  88 
Tamandua  skulls  (see  footnote  18  for  specimen 
numbers)  and  identified  them  to  species  using  the 
characters  given  by  Wetzel.  Wetzel's  cranial  char- 
acters were  somewhat  variable  within  each  spe- 
cies, so  when  necessary  the  skin  accompanying  a 
given  skull  was  examined  for  aid  in  specific  iden- 
tification. Out  of  Patterson  and  Segall's  36  original 
specimens,  1 6  could  be  placed  in  T.  mexicana,  the 
remaining  20  belonging  to  T.  tetradactyla.  From 
the  52  additional  specimens  available  to  us,  17 
were  identified  as  T.  mexicana,  and  the  other  35 
as  T.  tetradactyla.  It  should  be  noted  here  as  well 
that  in  addition  to  the  1 6  skulls  of  Myrmecophaga 
examined  by  Patterson  and  Segall,  we  had  avail- 
able another  1 2  skulls.  Any  significant  differences 
in  ear  region  morphology  noted  between  the  three 
taxa  are  discussed  in  the  text.]  The  differences  in 
auditory  region  structure  between  these  two  forms 
are  minor  and  they  will  accordingly  be  described 
together.  We  have  also  had  before  us  a  good  skull 
of  ^Neotamandua^  conspicua  Rovereto,  fmnh 
PI 44 19,  from  the  Pliocene  of  Catamarca,  Argen- 
tina. This  species  is  close  to  Myrmecophaga  tri- 
dactyla in  all  characters,  and  does  not  appear  to 
be  generically  distinct. 

Acquisition  of  termite-eating  habits  and  the 
structural  changes  attendant  thereupon  have  led 
to  rather  profound  modification  of  the  myrme- 
cophagid  auditory  region,  with  the  result  that  the 
group  is  the  most  distinctive  among  the  Edentata 
in  this  as  well  as  in  numerous  other  anatomical 
features. 

The  tympanic  in  very  young  specimens  is  horse- 
shoe-shaped and  in  contact  with  the  skull  only  by 
the  crura,  a  narrow  gap  being  present  between  its 
medial  margin  and  the  basioccipital  and  ptery- 
goid. The  porus  at  this  stage  is  circular.  The  crura 
are  expanded  anteroposteriorly  at  their  dorsal  ex- 
tremities and  approach  each  other  closely.  A  short 
descending  wedge  of  the  squamosal  partially  cov- 
ers the  approaching  extremities  of  the  crura  on  the 


34671,  46202,  50886,  54290,  61852,  64289,  70815, 
75 1 24, 1 0584 1 .  W.T.  &  T.G.:  fmnh  60093, 60547, 60640, 
84242-43,  86889-92,  87902-04,  89853,  92074-77, 
92359,  92965,  93176,  93514,  93537,  95439-42,  96001, 
96202,98917,  119370,  123020,  127284-85,  137419.] 


Fig.  14.     Tamandua  mexicana,  fmnh  30740:  A-B,  posterior  portion  of  skull  shown  in  ventral  and  left  lateral 
views.  Cyclopes  didactylus,  fmnh  3074 1 :  C-D,  posterior  portion  of  skull  shown  in  right  lateral  and  ventral  views. 
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lateral  side.  With  advancing  age,  the  gap  between 
tympanic  and  pterygoid  and  basioccipital  closes, 
the  crura  meet  to  form  a  complete  ring,  the  an- 
terior sending  back  a  spur  to  the  posterior,19  and 
the  descending  wedge  of  the  squamosal  loses  its 
identity. 

Enlargement  of  the  tympanic  on  the  medial  side 
of  the  crista  is  limited,  save  for  a  triangular  ex- 
tension posterior  to  the  pterygoid  sinus,  but  on  the 
lateral  side  it  grows  laterodorsally,  forming  a  re- 
cessus  meatus  and  changing  the  outline  of  the  po- 
ms from  circular  to  oval.  A  tubular  meatus  is  never 
formed,  there  being  no  dorsal  wall.  In  Myrmecoph- 
aga, but  not  in  Tamandua,  the  bone  thickens 
greatly  with  advancing  age.  Sulcus  tympanicus  and 
crista  tympanica  are  prominent.  The  sulcus  mal- 
leolaris  is  visible  in  specimens  of  all  ages.  In  the 
vicinity  of  the  sulcus  there  is  frequently  a  con- 
spicuous process,  sometimes  triangular,  some- 
times pointed,  projecting  anteroventrally  from  the 
adjacent  surface  of  the  tympanic.  This  process, 
which  may  range  from  practically  absent  to  very 
large,  appears  to  have  no  function,  at  least  dissec- 
tion failed  to  reveal  any  to  us. 

A  conspicuous  difference  distinguishing  the 
Myrmecophagidae  from  all  other  edentates  is  the 
major  part  played  by  the  basioccipital  and  es- 
pecially by  the  pterygoid  in  the  formation  of  the 
bulla.  The  basioccipital  sends  down  a  ventrally 
directed  process  ("processus  basipterygoideus"  of 
Parker,  1 886,  p.  7 1)  that  forms  the  posterointernal 
portion  [see  Cyclopes  below,  however],  and  the 
pterygoid  contributes  the  anterointernal  portion. 
The  suture  between  these  two  bones  is  obliterated 
in  adults,  but  in  very  young  specimens  its  lateral 
course  may  be  seen  running  obliquely  upward  and 
forward  from  the  anterior  margin  of  the  ventral 
extremity  of  the  basioccipital  process.  A  section 
through  the  bulla  reveals  a  large  hypotympanic 
sinus  that  is  formed  mainly  by  these  two  bones, 
the  tympanic  contributing  to  a  small  extent  on  the 
lateral  side  of  the  floor,  and  the  entotympanic  par- 
ticipating posteriorly.  Anteriorly,  as  has  long  been 
known,  the  bulla  is  in  wide  communication  with 
the  extensive,  inflated  sinus  in  the  pterygoid.  The 
two  cavities  are  only  partially  separated  by  a  low, 
nearly  transverse  septum  formed  by  the  pterygoid. 
The  pterygoid  sinus  forms  a  conspicuous  promi- 
nence on  the  ventral  surface  of  the  skull,  larger  in 


Myrmecophaga  than  in  Tamandua,™  that  extends 
ventrally  to  a  lower  level  than  the  bulla.  The  tym- 
panic overlaps  the  pterygoid  sinus  to  a  slight  extent 
externally,  but  the  two  bones  remain  separate  and 
a  conspicuous  fissura  Glaseri  is  present. 

The  opening  for  the  Eustachian  tube,  as  shown 
independently  in  1904  by  Zuckerkandl,  Denker,21 
and  Boenninghaus,  is  in  an  extraordinary  position. 
Pari  passu  with  the  elongation  of  the  hard  palate 
and  the  posterior  shifting  of  the  internal  narial 
opening,  the  Eustachian  tube  was  displaced  from 
its  well-nigh  universal  anterointernal  position  to 
the  posteromedial  portion  of  the  bulla.  As  shown 
by  Zuckerkandl  (1904)  and  by  Denker  (1904),  it 
is  not  cartilaginous  but  fibrous  in  structure.  The 
bony  opening  varies  from  round  to  oval  and  pre- 
sents posteroventrally.  [In  T.  mexicana  this  open- 
ing is  always  oval  in  shape,  although  in  Myrme- 
cophaga and  T.  tetradactyla  its  shape  is  indeed 
variable.]  It  is  bounded  mainly  by  the  tympanic 
on  the  lateral  side  and  by  the  basioccipital  process 
on  the  medial,  both  bones  being  notched  in  adult 
but  not  in  very  young  specimens.  [In  all  the  spec- 
imens that  we  examined,  the  basioccipital  was 
notched  by  the  opening  for  the  Eustachian  tube. 
Some  of  the  younger  specimens  lacked  a  corre- 
sponding notch,  however,  in  the  tympanic  bone.] 
Participation  of  the  pterygoid  in  the  anterior  ex- 
tremity of  the  opening  is  variable.  Among  speci- 
mens young  enough  to  show  the  sutures  in  this 
area  we  found  that  in  Tamandua  the  pterygoid 
participates  in  about  50  percent  of  the  cases  and 
in  Myrmecophaga  in  no  case.  The  probability  that 
the  entotympanic  takes  part  to  a  slight  extent  pos- 
teriorly is  discussed  below. 

The  glenoid  cavity  is  immediately  anterior  to 
the  tympanic  and  on  a  level  with  the  upper  margin 
of  the  porus,  is  gently  concave  transversely,  and 
enlarges  from  behind  forward.  In  structure,  it  most 
closely  resembles  that  of  the  mylodont  sloths 
among  the  other  Edentata. 

The  existence  of  an  entotympanic  is  difficult  to 
detect.  In  those  xenarthrans  with  well-developed 
tympanic  and  entotympanic,  the  entotympanic 
runs  from  the  sulcus  malleolaris,  anteriorly,  to  the 


19  This  is  quite  apparent  in  adults.  Van  Kampen  ( 1 905, 
p.  487)  stated  that  a  complete  ring  was  present  in  a  young 
Myrmecophaga  examined  by  him.  Presumably  his  spec- 
imen was  somewhat  older  than  the  very  young  Taman- 
dua available  to  us. 


20  In  Tamandua  there  is  a  large  sinus  in  the  palatine 
and  alisphenoid  that  extends  posteriorly  above  the  pter- 
ygoid sinus.  There  is  no  communication  between  the 
two,  the  palatine-alisphenoid  sinus  opening  to  the  narial 
passage  (Paulli,  1900,  p.  564,  pi.  28,  fig.  A). 

2 '  A  correction  of  an  earlier  study  ( 1 899),  in  which  this 
author,  in  agreement  with  Hyrtl  (1845),  had  concluded 
that  the  tube  was  absent.  More  than  half  a  century  earlier, 
however,  von  Rapp  (1852)  had  demonstrated  the  true 
position  (van  Kampen,  1905,  p.  488). 
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tympanohyal,  posteriorly.  There  is  no  certain  trace 
of  an  entotympanic  anterior  to  the  Eustachian 
opening  in  anteaters.  Some  young  individuals  of 
Myrmecophaga  show  a  thin  strip  of  bone  extend- 
ing from  the  sulcus  malleolaris  to  the  vicinity  of 
the  Eustachian  opening  that  appears  to  be  only 
partially  fused  with  the  medial  margin  of  the  tym- 
panic. A  faint  groove,  which  may  be  a  remnant  of 
a  former  division,  is  present  between  the  two.  In 
other  specimens,  however,  the  groove  is  wholly 
lateral  to  the  Eustachian  opening,  and  in  no  xe- 
narthran  is  this  opening  surrounded  by  the  ento- 
tympanic. This  suggests  that  the  medial  portion 
demarcated  by  the  groove  is  actually  an  increment 
of  the  tympanic,  which  at  birth  is  but  little  ex- 
panded. The  presence  of  the  entotympanic  in  this 
portion  of  the  bulla  is  therefore  very  doubtful— 
the  pterygoid  having  replaced  it  functionally— al- 
though the  possibility  of  the  existence  as  a  vestige, 
perhaps  varying  in  individuals,  cannot  perhaps  be 
ruled  out  entirely.  Posteriorly,  the  picture  is  clear- 
er. Van  Kampen  (1905,  pp.  487^88)  mentioned 
a  bony  lamella  in  Myrmecophaga  between  peri- 
otic,  basioccipital,  exoccipital,  and  tympanic.  He 
noted  the  resemblance  in  position  to  the  posterior 
portion  of  the  entotympanic  in  Choloepus,  and 
accordingly  suspected  that  this  lamella  might  be 
the  entotympanic,  although  he  was  unable  to  de- 
tect sutures  separating  it  either  from  the  tympanic 
or  the  pars  mastoidea.  Among  our  material,  both 
of  Myrmecophaga  and  Tamandua,  there  are  spec- 
imens that  clearly  show  this  element  to  be  distinct, 
some  of  them  showing  that  it  extends  to  the  vi- 
cinity of  the  tympanohyal  and  others  indicating 
that  it  may  extend  to  the  posterior  margin  of  the 
Eustachian  opening.  [A  contact  between  the  en- 
totympanic and  tympanohyal  was  much  more 
common  in  these  genera  than  an  entotympanic 
participation  in  the  rim  of  the  opening  for  the 
Eustachian  tube.]  It  would  appear  that  there  is 
considerable  individual  variation  in  the  degree  of 
ossification  attained.  This  small  bone  fulfills  all 
the  requirements  of  an  entotympanic  and  we  ac- 
cordingly have  no  hesitation  in  so  identifying  it. 
It  is  not  yet  ossified  in  the  very  young  Tamandua 
shown  in  the  figure,  the  future  position  there  being 
marked  by  a  gap  between  the  neighboring  ele- 
ments. [The  figured  specimen  has  a  small  but  clearly 
ossified  entotympanic.  It  is  possible  that  Patterson 
and  Segall  had  intended  to  include  a  figure  of  a 
somewhat  younger  specimen,  and  that  it  is  this 
younger  specimen  that  they  are  referring  to,  but 
we  have  found  no  such  figure  in  the  material  left 
to  us.] 


In  only  one  skull  of  Myrmecophaga  have  we 
seen  the  surface  exposure  of  the  tympanohyal  dis- 
tinctly delineated  from  the  surrounding  elements; 
here  it  is  situated  midway  between  the  orifices  of 
the  stylomastoid  and  posterior  lacerate  foramina. 
In  all  other  specimens  of  this  genus,  and  in  all  of 
Tamandua,  it  is  fused  with  one  or  more  of  the 
surrounding  elements;  even  in  the  very  young  Ta- 
mandua  figured,  in  which  ossification  of  the  tym- 
panohyal is  apparently  not  complete,  the  extrem- 
ity is  united  with  the  pars  mastoidea. 

The  pars  petrosa  in  young  specimens  is  globular 
in  ventral  view,  slightly  pointed  anterointernally 
and  hardly  at  all  expanded  medially  beyond  the 
promontorium.  With  advancing  age  a  heavy  shelf 
expands  on  the  medial  side  to  form  an  extensive 
suture  with  the  basioccipital.  The  lateral  side  of 
the  promontorium  bears  a  groove  for  the  internal 
carotid  artery.  The  crista  and  sulcus  facialis  are 
prominent.  The  processus  cristae  facialis  is  large 
and  bluntly  triangular  in  outline;  it  has  a  long  su- 
tural  connection  with  the  squamosal  in  the  reces- 
sus  epitympanicus.  Its  tip  is  concave  and  is  per- 
forated by  a  small  evidently  vascular  foramen, 
which  leads,  via  a  groove  in  the  lateral  face  of  the 
process  in  very  young  specimens,  to  the  cranial 
wall.  In  adults  the  groove  is  covered  by  bone.  In 
young  specimens  the  tympanic  is  not  in  contact 
with  the  process.  [The  contact  between  the  tym- 
panic and  the  processus  appears  to  be  somewhat 
variable.  The  youngest  specimen  available  to  us 
(T.  mexicana,  fmnh  15163)  lacks  such  a  contact, 
but  a  slight  contact  is  visible  in  several  slightly 
older  specimens  (Myrmecophaga,  fmnh  87899  and 
88490),  and  one  juvenile  specimen  (T.  mexicana, 
fmnh  58545)  showed  a  clear  extensive  contact  be- 
tween the  two  elements.]  In  adults  the  relations  in 
this  area  are  obscure,  but  the  contact,  if  any,  be- 
tween the  two  is  slight.  The  recessus  epitympani- 
cus is  large  in  juvenile  specimens  and  in  adults 
enlarges  still  further  to  form  a  sinus  epitympani- 
cus. The  pars  mastoidea  is  lateral  in  position  and 
roughly  quadrangular  in  outline  on  the  surface  of 
the  skull,  except  at  the  anterointernal  corner  where 
a  thin  strip  runs  forward  above  the  posterior  crus 
of  the  tympanic.  [Our  youngest  specimen  would 
seem  to  indicate  that  this  thin  strip  of  mastoid  is 
a  surface  exposure  of  the  tympanohyal  that  later 
on  fuses  to  the  mastoid.]  There  is  no  mastoid  pro- 
cess. The  exoccipital  projects  ventrally,  but  there 
is  no  freely  projecting  paroccipital  process,  the  tip 
being  joined  to  the  mastoid,  tympanohyal,  tym- 
panic and  entotympanic.  On  the  cerebellar  surface 
of  the  periotic,  a  conspicuous  but  presumably  un- 
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important  difference  between  the  two  forms  may 
be  observed.  In  Tamandua  a  very  large  and  deep 
subarcuate  fossa  is  present.  Myrmecophaga  exhib- 
its only  a  shallow  depression  in  this  area. 

The  internal  carotid  artery  enters  the  bulla  by  a 
foramen  opening  in  the  anterior  part  of  the  fora- 
men lacerum  posterium,  crosses  the  [petrosal]  in 
the  groove  described  above,  and  leaves  by  a  fo- 
ramen between  periotic  and  pterygoid  at  the  dorsal 
extremity  of  the  partial  septum  formed  by  the  lat- 
ter bone.  From  this  point  the  artery  runs  anteroin- 
ternally  to  the  circle  of  Willis  in  a  canal  that  opens 
beside  the  posterior  extremity  of  the  sella  turcica. 
The  ascending  pharyngeal  artery  runs  forward  un- 
der the  basioccipital  process  to  a  foramen  in  the 
pterygoid  posterointernal  to  the  sinus.  [Patterson 
and  Segall  do  not  indicate  the  basis  for  the  claim 
that  this  vascular  channel  is  for  the  ascending  pha- 
ryngeal artery.  Guth  (1961)  claims  that  this  fora- 
men is  for  a  vein  connecting  the  transverse  sinus 
and  the  external  jugular  vein.]  The  artery  then 
turns  upward  and  forward  within  a  canal  that  joins 
the  carotid  canal  near  the  opening  at  the  sella  tur- 
cica. The  size  of  the  foramen  and  canal  for  the 
ascending  pharyngeal  artery  is  variable;  frequent- 
ly, although  not  invariably,  the  canal  sends  a  branch 
anterointernally  to  transmit  an  arterial  twig  to  the 
narial  passage.  There  are  no  postglenoid  or  sub- 
squamosal  foramina.  Venous  foramina  on  or  near 
the  squamoso-parietal  suture  vary  greatly  in  num- 
ber and  size.  In  Tamandua  the  inferior  petrosal 
sinus  runs  within  the  basioccipital,  in  Myrmecoph- 
aga over  the  inner  surface  of  this  bone  for  a  part 
of  its  course.  There  is  no  large  and  constant  mas- 
toid foramen,  such  as  occurs  in  armadillos,  the 
main  venous  drainage  in  this  area  leaving  the  skull 
by  the  posterolateral  portion  of  the  foramen  lace- 
rum posterium.  [Patterson  and  Seagll's  comments 
on  the  venous  drainage  of  the  posterior  portion  of 
the  cranial  cavity  are  probably  based  on  the  pres- 
ence of  large  but  rather  faintly  marked  grooves  for 
the  transverse  and  sigmoid  sinuses  on  the  internal 
surface  of  the  cranial  cavity.  However,  their  in- 
terpretation is  also  in  accordance  with  the  obser- 
vations of  Guth  (1961)  on  the  venous  drainage  of 
the  head  in  anteaters.]  This  foramen,  or  rather  the 
fossa  into  which  it  opens,  is  of  great  size  due  to 
the  fact  that  it  serves  not  only  for  the  exit  of  [cra- 
nial nerves]  IX,  X,  and  XI,  which  leave  the  cranial 
cavity  through  its  anterointernal  portion,  but  also 
as  a  vestibule  into  which  are  gathered  the  internal 
carotid,  the  main  venous  drainage  of  the  posterior 
part  of  the  skull,  and  various  other,  and  minor, 
vascular  channels.  The  stylomastoid  foramen,  a 


foramen  definitivum,  opens  between  tympanic  and 
mastoid  a  short  distance  behind  the  porus.  The 
chorda  tympani  emerges  near  the  dorsal  extremity 
of  the  fissura  Glaseri. 


Cyclopes  Gray;  C.  didactylus. 

15. 


Figures  14C-D, 


With  regard  to  the  systematic  position  of  Cy- 
clopes, although  thoroughly  agreeing  with  Reeve 
( 1 940)  that  the  characters  sometimes  employed  to 
place  Cyclopes  in  a  subfamily  (Winge,  1941)  or 
even  a  family  (Pocock,  1924)  of  its  own  are  with- 
out value  in  this  connection,  we  nevertheless  be- 
lieve on  other  grounds  that  this  little  anteater  has 
had  an  evolutionary  history  of  its  own,  distinct 
from  that  of  Myrmecophagus  and  Tamandua.  With 
so  little  known  of  the  early  history  of  the  group, 
however,  it  would  be  altogether  premature  to  at- 
tempt now  to  express  this  in  any  formal  way. 

Fourteen  skulls  of  C  didactylus  Linnaeus  have 
been  available.  [We  examined  an  additional  1 1 
specimens  (see  footnote  22  for  specimen  num- 
bers).] While  agreeing  in  the  main  with  Myrme- 
cophaga and  Tamandua,  the  auditory  region  of 
Cyclopes  is  distinctive  in  several  characters,  some 
of  which,  at  least,  would  seem  to  be  attributable 
to  the  small  size  of  the  animal. 

The  tympanic  differs  from  that  of  other  myr- 
mecophagids  in  several  respects.  The  anterior  crus 
is  more  internal  in  position  than  in  these  forms. 
In  consequence,  the  areas  of  attachment  for  the 
crura  are  aligned  on  an  anterointernal-posteroex- 
ternal  line  rather  than  on  an  anteroposterior  one, 
the  axis  of  the  external  meatus  is  directed  antero- 
laterally  rather  than  transversely,  and  the  anterior 
portion  of  the  bone  is  reduced  relative  to  the  pos- 
terior. The  posterior  crus  is  vertical  [within  10 
degrees  or  so  of  vertical],  and  abuts  against  the 
descending  wedge  of  the  squamosal.  In  young 
specimens  of  Cyclopes  this  wedge  is  relatively  larg- 
er than  it  is  in  the  young  Tamandua  described 
above,  and  the  posterior  crus  has  a  more  extensive 
sutural  connection  with  it.  This  is  due  to  the  ab- 
sence of  the  thin  strip  of  the  pars  mastoidea  that 
in  the  young  Tamandua  runs  forward  above  the 


22  [The  following  specimens  of  Cyclopes  were  exam- 
ined: 

B.P.  &  W.S.:  fmnh  19500-01,  20033,  21719,  24796, 
30741  (illus.  in  fig.  31C-D),  34247,  44055-56,  50907, 
51890,  51931  (illus.  in  fig.  32A-C),  64187,  64188  (illus. 
in  fig.  32D).  W.T.  &  T.G.:  fmnh  51899,  58802,  61853- 
54,  69969-71,  71002,  93175,  121653,  122699.] 
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Fig.  15.  Cyclopes  didactylus,  fmnh  51931:  A-B,  sectioned  skull,  with  cut  running  through  bulla,  petrosal,  and 
braincase,  shown  in  views  toward  anterior  and  posterior  sides  of  cut;  C,  left  side  of  skull  shown  in  posterior  view. 
Cyclopes  didactylus,  fmnh  64188:  D,  posterior  portion  of  juvenile  skull  shown  in  ventral  view. 


posterior  crus.  The  anterior  cms  is  not  vertical,  as 
it  is  in  other  anteaters,  but  is  inclined  anteriorly. 
Its  area  of  attachment  is  thus  farther  forward,  in 
addition  to  being  more  internal  in  position.  [The 
forward  inclination  of  the  anterior  crus  makes  it 
appear  to  attach  more  anteriorly.  However,  the 
anterior  limit  of  the  tympanic  lies  well  behind  the 
glenoid,  in  contrast  to  the  situation  found  in  the 


other  anteaters,  where  the  tympanic  lies  just  be- 
hind the  glenoid.  The  attachment  of  the  anterior 
crus  in  Cyclopes  is  closer  to  the  foramen  ovale 
than  in  the  other  forms,  but  this  seems  to  be  due 
to  a  posterior  shift  of  the  foramen.  In  Cyclopes, 
the  foramen  ovale  lies  at  or  posterior  to  the  level 
of  the  glenoid.  In  the  other  anteaters  it  is  anterior 
to  the  level  of  the  glenoid.]  A  wide  gap  between 
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the  two  crura  is  thus  left,  which  is  only  partially 
filled  in,  in  young  specimens,  by  the  descending 
wedge  of  the  squamosal.  The  result  is  a  cleft  in  the 
lateral  surface  of  the  squamosal  between  the  wedge 
and  the  area  of  attachment  for  the  anterior  crus. 
The  epitympanic  recess  is  thus  in  wide  commu- 
nication with  the  exterior,  and  the  ossicles  may  be 
seen  in  place  in  anterior  view.  A  spur  of  bone  from 
the  anterior  crus  extends  back  beneath  the  cleft. 
With  advancing  age,  this  spur  grows  backward  to 
the  squamosal  wedge  and  to  the  posterior  crus  and 
fuses  with  them.  It  thus  obliterates  the  identity  of 
the  wedge  and  converts  the  cleft  into  an  opening 
of  varying  size.  Presumably  this  was  filled  by  con- 
nective tissue  during  life,  but  we  have  no  em- 
balmed or  alcoholic  material  with  which  to  test 
the  supposition.  Nothing  resembling  this  peculiar 
arrangement  is  to  be  seen  elsewhere  in  the  Eden- 
tata. 

The  bulla  is  inflated  and  much  wider  posteriorly 
than  anteriorly.  As  a  result  of  the  internal  position 
of  the  anterior  crus  of  the  tympanic,  the  fissura 
Glaseri  is  limited  in  extent,  being  confined  to  a 
small  area  bounded  laterally  by  the  anterior  crus 
and  medially  by  a  highly  variable  anterointernal 
extension  of  the  tympanic.  [Although  this  antero- 
internal process  of  the  tympanic  is  not  discernible 
externally  in  most  specimens,  the  position  and  size 
of  the  fissura  Glaseri  are  highly  variable.]  The  pter- 
ygoid runs  posteriorly  along  the  medial  length  of 
the  bulla  to  cap,  and  in  some  cases  extend  beyond, 
the  descending  process  of  the  basioccipital.  Re- 
garding a  pterygoid  sinus  there  is  some  difference 
of  opinion,  Denker  (1904)  denying  and  van  Kam- 
pen  (1905)  affirming  its  presence.  We  believe  that 
both  are  in  a  measure  correct.  There  is  no  con- 
spicuous sinus,  only  partially  connected  with  the 
bulla,  as  in  Myrmecophaga  and  Tamandua,  but 
the  pterygoid  is  hollowed  out  to  form  the  antero- 
internal portion  and  the  medial  wall  of  the  bulla. 
As  is  well  known,  the  pterygoids  and  the  posterior 
portions  of  the  palatines  do  not  unite  in  the  mid- 
line to  form  a  bony  tube  for  the  narial  passage. 

In  the  youngest  specimen  of  the  series  at  our 
disposal  [fig.  15D,  fmnh  64188],  the  medial  por- 
tion of  the  tympanic  is  fully  developed,  but  the 
meatus  has  not  yet  attained  the  adult  form.  The 
ventral  wall  is  not  yet  ossified,  and  a  conspicuous 
notch  is  therefore  present  between  the  anterior  and 
posterior  walls.  In  adults  this  notch  becomes  closed 
and  a  recessus  meatus  similar  to  those  of  Myr- 
mecophaga and  Tamandua  is  formed.  As  in  these 
forms,  there  is  no  cylindrical  auditory  meatus.  The 


porus  is  round  to  rounded-triangular  in  outline. 
The  glenoid  articulation  is  similar  in  structure  to 
that  of  the  other  forms. 

The  opening  for  the  Eustachian  tube  occupies 
the  same  remarkable  position  as  that  seen  in  Ta- 
mandua and  Myrmecophaga.  As  in  these  forms, 
there  is  no  certain  indication  of  an  entotympanic 
anterior  to  the  opening.  In  one  specimen  there  is 
a  small,  distinct  lamina  of  bone  lying  between  tym- 
panic and  pterygoid  anteriorly.  No  other  indica- 
tion of  a  separate  ossification  here  is  to  be  seen, 
not  even  in  the  youngest  specimens  of  our  series. 
Van  Kampen  (1905,  p.  488)  stated  that  the  pos- 
terior part  of  the  entotympanic  is  better  developed 
than  in  other  myrmecophagids,  excluding  the  de- 
scending process  of  the  basioccipital  from  partic- 
ipation in  the  internal  wall  of  the  bulla.  Our  ma- 
terial is  on  the  whole  confirmatory.  Sutures  may 
be  seen  in  adult,  but  not  aged,  individuals  between 
basioccipital,  pterygoid,  and  tympanic  plus  ento- 
tympanic, and  these  show  that  the  basioccipital 
apparently  does  not  form  part  of  the  internal  wall. 
In  our  youngest  specimen,  the  tympanic,  as  noted 
above,  is  almost  fully  [developed],  but  the  ento- 
tympanic, which  forms  the  posterointernal  por- 
tion of  the  bulla  and  extends  back  to  the  paroc- 
cipital  process,  is  still  cartilaginous.  Evidently, 
entotympanic  and  tympanic  fuse  shortly  after  os- 
sification of  the  former  is  complete.  Later  on,  both 
become  fused  with  the  squamosal  and  pars  mas- 
toidea.  [The  size  and  position  of  the  entotympanic 
are  very  difficult  to  determine  from  the  specimens 
at  hand.  The  above  description  seems  somewhat 
at  odds  with  itself,  at  one  point  stating  that  there 
is  no  sign  of  an  entotympanic  anterior  to  the  open- 
ing for  the  Eustachian  tube,  and  yet  referring  to  a 
juvenile  specimen  (fmnh  64188)  with  a  cartilag- 
inous entotympanic  that  clearly  lies  anterior  to  the 
location  of  the  adult  Eustachian  tube.  Unfortu- 
nately, it  is  difficult  to  say  how  informative  such 
juvenile  specimens  are  for  determining  the  posi- 
tions of  bones  in  the  adult— obviously  there  are 
major  rearrangements  going  on  over  the  course  of 
development.  The  juvenile  specimen  in  question 
does  not  yet  show  the  growth  of  the  tympanic 
under  the  tympanic  bulla  so  characteristic  of  adult 
specimens.  Our  interpretation  of  the  adult  ento- 
tympanic largely  follows  that  of  Guth  (1961),  who 
stated  that  the  entotympanic  has  a  short  anterior 
lamina  in  the  posterointernal  portion  of  the  bulla 
which  is  fused  dorsally  to  the  petrosal  and  forms 
the  medial  wall  to  the  canal  for  the  internal  carotid 
artery  (see  fig.  1 5B-C).  Thus,  we  feel  that  there  are 
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indications  of  an  entotympanic  anterior  to  the 
Eustachian  tube,23  as  shown  in  juveniles  with 
unossified  entotympanics,  and  have  labeled  the 
figures  accordingly.  This  interpretation  is  in  con- 
trast to  the  above  statement  given  by  Patterson 
and  Segall.] 

The  tympanohyal  is  completely  fused  with  the 
mastoid  in  all  specimens  of  our  series,  and  there 
is  no  indication  at  the  surface  to  mark  its  position. 
In  two  specimens,  however,  parts  of  the  hyoid  arch 
are  still  attached,  and  these  reveal  that  the  extrem- 
ity of  the  tympanohyal  lies  immediately  lateral  to 
the  paroccipital  process  [and  protrudes  from  the 
postero ventral  corner  of  the  mastoid].  This  agrees 
very  well  with  conditions  shown  in  Parker's  figure 
of  a  late  embryo  (1886,  pi.  10,  fig.  1). 

The  ventral  surface  of  the  pars  petrosa  bears  a 
relatively  larger  promontorium  than  in  other  ant- 
eaters,  and  this  is  not  grooved  for  the  internal 
carotid,  that  artery  not  passing  through  the  bulla 
in  Cyclopes.  The  processus  cristae  facialis  is  large 
but  simple  in  structure,  consisting  so  far  as  can  be 
seen  in  our  material  of  a  thin  plate  of  bone,  that 
is  in  contact  with  the  anterior  crus  of  the  tympanic. 
The  recessus  epitympanicus  is  large,  and  a  small 
epitympanic  sinus  is  present;  the  extraordinary  an- 
terior opening  in  the  recessus  has  been  described 
above.  The  pars  mastoidea  is  much  as  in  Myr- 
mecophaga  and  Tamandua  but  lacking,  as  already 
stated,  the  small  strip  that  runs  forward  above  the 
posterior  crus  in  these  forms.  Again  as  in  these 
forms,  there  is  no  mastoid  process  and  the  par- 
occipital  process  is  united  at  the  extremity  with 
the  neighboring  elements.  Cyclopes  has  a  fossa 
subarcuata  that  is  even  larger,  relatively,  than  in 
Tamandua.  Unlike  conditions  in  that  form,  there 
is  a  large  gap  in  the  postero  ventral  part  of  the  wall 
of  the  fossa,  between  the  anterior-vertical,  semi- 
circular canal  and  the  pars  mastoidea. 

The  internal  carotid  did  not  pass  through  the 
bulla,  a  contrast  to  the  other  living  anteaters.  In- 
stead, as  Denker  ( 1 904)  showed,  it  enters  a  fora- 
men situated  above  the  Eustachian  opening  and 
in  the  presumed  entotympanic.  Anteriorly,  the  ar- 
tery runs  in  a  canal  between  basioccipital  and  peri- 


23  [This  entotympanic  would  presumably  be  homol- 
ogous to  the  rostral  portion  of  the  entotympanic  in  other 
xenarthrans.  Note  that  the  entotympanic  in  Myrmecoph- 
aga  and  Tamandua  is  located  posterior  to  the  Eustachian 
tube,  and  seems  more  likely  to  be  derived  from  the  cau- 
dal portion  of  the  entotympanic  of  other  xenarthrans, 
suggesting  that  the  two  anteater  lineages  may  have  re- 
duced the  entotympanic  in  a  very  different  manner.] 


otic,  which  opens  at  the  Circle  of  Willis.  A  small 
foramen  in  the  posterior  wall  of  the  bulla  is  pre- 
sumably for  the  entrance  of  the  stapedial  artery. 
A  second  foramen,  medial  to  the  internal  carotid, 
is  situated  either  within  the  descending  process  of 
the  basioccipital  or  between  this  and  the  pterygoid. 
The  foramen  leads  to  a  short  canal  that  enters  the 
internal  carotid  canal.  Shortly  before  emerging  at 
the  circle  of  Willis,  the  carotid  canal  gives  off  a 
small  branch  canal  that  passes  anteriorly  and  ven- 
trally  through  basioccipital  and  pterygoid  to  open 
in  the  side  wall  of  the  narial  passage.  We  believe 
that  the  second  foramen  and  the  canal  leading  from 
it  is  the  homologue  of  that  situated  in  the  posterior 
part  of  the  pterygoid,  behind  the  pterygoid  sinus, 
in  Myrmecophaga  and  Tamandua.  This  foramen, 
it  will  be  recalled,  also  leads  to  a  canal  that  runs 
into  the  carotid  canal  and,  in  some  specimens, 
gives  off  a  small  canal  leading  to  the  narial  passage. 
We  suspect  that  foramen  and  canal  transmit  the 
ascending  pharyngeal  artery,  and  that  a  twig  from 
this  vessel  passes  to  the  narial  passage.  Conditions 
in  other  xenarthrans  tend  to  bear  this  out.  Denker 
( 1 904),  however,  thought  that  the  artery  concerned 
was  the  internal  maxillary.  This  we  doubt,  but  the 
absence  of  material  for  dissection  prevents  us  from 
coming  to  a  positive  conclusion.  The  remaining 
cranial  foramina  present  no  striking  differences 
from  those  of  other  anteaters. 


Protamandua  Ameghino;  P.  rothi 

Two  partial  skulls,  referred  to  Protamandua  rothi 
Ameghino,  from  the  Early  Miocene  Santa  Cruz 
Formation  of  Patagonia,  pu  15267  and  fmnh 
PI 3 134,  have  been  available  for  study  [figs.  16 
and  1 7,  respectively].  These  are  the  earliest  known 
examples  of  the  myrmecophagid  skull.  The  pres- 
ence of  anteaters  in  the  Santa  Cruz  was  announced 
nearly  50  [90]  years  ago  by  Ameghino,  who  de- 
scribed this  species  on  a  calcaneum  and  two  others, 
Promyrmecophagus  euryarthrus  and  Promyrme- 
phagus  dolichoarthrus,  on  the  basis  of  isolated  as- 
tragali (1904,  pp.  277-278).  fmnh  PI 3 134  in- 
cludes some  postcranial  elements,  among  them  by 
great  good  fortune  the  calcaneum  and  astragalus. 
The  authorities  of  the  Museo  Argentino  de  Cien- 
cias  Naturales  very  kindly  sent  excellent  casts  of 
Ameghino's  types,  thus  enabling  us  to  make  direct 
comparisons.  Ameghino's  descriptions  are,  as  usu- 
al, accurate,  and  the  distinctive  features  pointed 
out  by  him  are  real.  Examination  of  a  series  of 
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Recent  myrmecophagids  reveals  considerable 
variation  in  the  foot  bones,  however,  suggesting 
these  three  named  species  may  actually  be  one  and 
the  same.  This  is  not  the  place  for  a  taxonomic 
discussion,  and  we  accordingly  limit  ourselves  to 
stating  that  the  calcaneum  of  P.  rot  hi  (the  species 
enjoying  page  priority)  and  the  calcaneum  of  fmnh 
PI 3 134  are  sufficiently  similar  to  permit  specific 
identification  of  our  material.  It  is  an  ironic  foot- 
note to  the  history  of  paleontology  that  Scott,  who 
scouted  Ameghino's  identification,  doubted  to  the 
end  of  his  life  that  there  were  anteaters  in  the  Santa 
Cruz,  and  should  have  lived  for  over  50  years  in 
close  but  unconscious  proximity  to  such  positive 
proof  of  their  existence  as  is  provided  by  the  skull 
described  and  figured  below.  The  specimen  was 
labeled  "Hapalops,  juv."  Thus  disguised,  the  like- 
lihood is  that  Scott  never  even  saw  it,  or,  if  he  did, 
gave  no  more  than  a  passing  glance  to  it  as  it  lay, 
dorsal  side  up,  in  its  cotton-filled  box.  The  Field 
Museum  of  Natural  History  specimen  was  like- 
wise labeled  in  the  field  as  a  poorly  preserved  "/7a- 
palops"  and  in  consequence  went  unprepared  for 
many  years.  The  moral  would  appear  to  be  that 
all  specimens  of  "Hapalops,"  whether  in  the  field 
or  in  the  laboratory,  deserve  more  than  casual 
inspection. 

The  tympanic  is  as  massive  as  in  Myrmecopha- 
ga. Medial  to  the  crista  tympanica,  it  is  moderately 
expanded,  about  equally  so  along  the  entire  pe- 
riphery. On  the  lateral  side  of  the  crista,  the  ventral 
wall  of  the  auditory  meatus  is  expanded  to  almost 
the  same  extent  as  in  Myrmecophaga  and  7a- 
mandua,  forming  a  fairly  large  recessus  meatus. 
The  porus  is  rounder  than  in  adults  of  these  forms, 
although  not  as  deep  dorsoventrally  as  in  Cyclopes. 
The  crura  lie  in  an  anteroposterior  line  and  meet 
above  the  porus.  The  pterygoids  are  unfortunately 
not  complete  in  either  skull,  but  it  is  nevertheless 
clear  that  they  are  fully  comparable  to  those  of 
later  forms  in  the  degree  of  their  participation  in 
the  bulla.  It  is  evident  also  that  a  pterygoid  sinus 
is  present  and  in  broad  communication  with  the 
interior  of  the  bulla.  Although  the  details  are  not 
very  clear,  the  specimens  suggest  that,  both  in  de- 
gree of  prominence  and  in  relations  with  the  hy- 
potympanic  sinus,  the  pterygoid  sinus  is  inter- 
mediate between  the  vestigial  condition  in  Cyclopes 
on  the  one  hand  and  the  very  large,  well  demar- 
cated sinuses  of  Myrmecophaga  and  Tamandua 
on  the  other.  As  in  Cyclopes,  the  pterygoids  and 
posterior  portions  of  the  palatines  do  not  meet  in 
the  midline  to  floor  of  the  narial  passage.  The 
descending  processes  of  the  basioccipital  ar„  fully 


comparable  to  those  of  the  living  forms,  and,  as 
in  Myrmecophaga  and  Tamandua,  form  the  pos- 
terointernal portion  of  the  bulla.  The  glenoid  sur- 
faces, so  far  as  preserved,  are  of  the  usual  myr- 
mecophagid  type. 

The  specimens  reveal  nothing  of  the  entotym- 
panic,  but  there  is  no  reason  to  suspect  that  it  was 
appreciably  different  from  that  of  Myrmecophaga. 
The  position  of  the  opening  for  the  Eustachian 
tube  is  indicated  by  slight  notches  in  the  tympanic 
and  in  the  basioccipital  process  of  pu  15267.  It 
was  therefore  in  the  same  remarkable  position  as 
in  the  later  forms. 

Nothing  can  be  seen  of  the  tympanohyal. 

The  ventral  surface  of  the  pars  petrosa  closely 
resembles  those  of  Myrmecophaga  and  Taman- 
dua; it  is  similarly  grooved  for  the  passage  of  the 
entocarotid  [i.e.,  internal  carotid]  artery.  The  pro- 
cessus cristae  facialis,  so  far  as  preserved,  is  thin 
and  platelike.  Very  little  can  be  seen  of  the  recessus 
epitympanicus,  although  it  is  certain  that  no  an- 
terior opening,  such  as  occurs  in  Cyclopes,  is  pres- 
ent, and  we  are  unable  to  say  whether  or  not  there 
is  a  sinus  epitympanicus.  The  limits  of  the  pars 
mastoidea  cannot  be  seen.  As  in  other  anteaters 
there  is  no  mastoid  process.  The  paroccipital  pro- 
cess appears  to  have  had  the  same  relations  to  the 
surrounding  elements  as  in  the  living  forms.24 

What  can  be  seen  of  the  cranial  foramina  ac- 
cords completely  with  conditions  in  Myrmecopha- 
ga and  Tamandua. 

Protamandua  clearly  shows  that  by  Early  Mio- 
cene time  every  one  of  the  several  characters  that 
so  sharply  distinguish  the  auditory  region  as  the 
Myrmecophagidae  had  been  acquired.  The 
glimpses  of  the  rest  of  the  anatomy  afforded  by 
fmnh  P 1 3 1 34  reveal  a  similar  situation.  The  max- 
illa is  edentulous,  for  example,  and  the  forefoot 
already  shows  the  characteristic  enlargement  of 
metacarpal  III. 


Palaeanodonta 

Metacheiromyidae 

The  two  known  genera  of  the  family,  Palaean- 
odon  and  Metacheiromys,  have  been  so  thoroughly 
described  and  illustrated  by  Matthew  (1918)  and 
by  Simpson  (1931a)  that  detailed  descriptions 


24  The  degree  of  prominence  and  the  apparent  inde- 
pendence of  this  process  in  pu  1 5267  are  due  to  crushing. 
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would  be  superfluous.  Examination  of  these  Late 
Paleocene  and  Eocene  edentates  [from  North 
America]  in  the  light  of  this  study  has  suggested 
certain  reinterpretation  of  Matthew's  work  on  Pa- 
laeanodon,  raised  one  or  two  minor  points  in  re- 
gard to  Simpson's  work  on  Metacheiromys,  and 
permitted  a  few  additions.  The  following  notes  are 
therefore  strictly  supplementary  to  the  studies  of 
these  authors,  which  should  be  consulted  in  this 
connection. 


Palaeanodon  Matthew 
Palaeanodon  ignavus,  amnh  15086 

Simpson's  figure  [of  the  cast  of  the  cranial  and 
nasal  cavities]  is  very  accurate;  the  surface  of  the 
cerebrum  is  badly  weathered,  thus  the  fissuration 
is  perhaps  better  developed  than  the  cast  would 
suggest. 

There  is  no  indication  of  the  transverse  cerebral 
fissure  in  Palaeanodon  that  is  so  well  developed 
in  Epoicotherium  (fig.  1 9 A-D)  and  Chlamytheri- 
um.  The  cerebellum  is  much  lower  in  relation  to 
the  dorsal  surface  of  the  cerebrum  in  Epoicoth- 
erium than  in  Palaeanodon. 

The  tentorium  is  median,  anterior  to  the  median 
lobe  of  cerebellum  in  both  palaeanodonts,  a  con- 
trast to  Chlamytherium.  The  olfactory  bulbs  and 
indeed  the  brain  as  a  whole,  is  very  much  shorter 
in  Epoicotherium  than  in  Palaeanodon. 

There  are  five  prominent  ridges  in  the  posterior 
part  of  the  nasal  chamber  of  Palaeanodon  with 
four  grooves  separating  them,  a  sharp  contrast  to 
Epoicotherium  in  which  there  are  only  two  grooves, 
one  very  lateral.  This  region  is  weathered  in  Pa- 
laeanodon, but  the  median  area  may  correspond 
to  the  nasal  cast  in  Epoicotherium. 

The  right  tympanic  in  the  type  of  P.  ignavus 
Matthew  (amnh  15086  from  the  Wasatchian  of 
Wyoming)  has  been  displaced  medially  and  some- 
what dorsally.  [The  bone  also  seems  to  have  shift- 
ed slightly  posteriorly  and  to  have  been  rotated 
counterclockwise  in  ventral  view.]  The  crura  have 
then  been  removed  from  their  points  of  attach- 
ment, which  appear  to  have  been  the  same  as  in 
the  specialized  armadillos  and  sloths,  and  the  en- 
totympanic  has  been  crushed  and  broken  (see  be- 
low). Matthew  stated  that  the  tympanic  did  not 
possess  a  tubular  auditory  meatus.  This  may  well 
have  been  the  case  but  it  cannot  be  proved  from 
the  specimen.  [The  left  side  of  the  specimen  has 


been  subsequently  prepared,  and  clearly  demon 
strates  the  presence  of  an  undisturbed  tympani< 
extended  laterally  to  form  a  tubular  auditory  me 
atus.]  The  meatal  rim  is  incomplete  anteriorly  an< 
centrally,  and  it  is  therefore  possible  that  a  bom 
external  meatus  may  have  been  partially  forme( 
from  the  anterior  crus,  somewhat  in  the  manne 
of  the  euphractine  armadillos. 

Matthew  made  no  mention  of  an  entotympanic 
We  agree  with  van  der  Klaauw  (1931b,  pp.  275 
288)  that  this  element  was  present.  The  evidenc< 
consists  of  three  fragments  disposed  around  th< 
rim  of  the  tympanic,  only  one  of  which  is  clearh 
figured  by  Matthew  (1918,  fig.  39,  pet.;  p.  623) 
The  first  of  these  is  a  rather  thin  strip  of  crushed 
cancellous  bone  lying  between  the  tympanic  anc 
basisphenoid  and  retaining  a  very  slender  con 
nection  with  the  second.  This,  [which  is]  smootl 
and  gently  concave  on  its  lateral  side,  has  beer 
displaced  medially  almost  to  the  midline  of  th< 
basioccipital.  An  attempt  was  made  in  Matthew'; 
figure  to  restore  this  fragment  to  its  supposed  orig 
inal  position.  The  result,  however,  gives  the  im 
pression  of  a  ventrally  directed  process  from  the 
basioccipital,  similar  to  that  of  the  Myrmeco- 
phagidae,  which  was  certainly  not  the  case.  The 
third,  and  largest,  fragment  lies  posterior  to  the 
tympanic,  with  which  it  is  in  contact.  Its  relation; 
with  the  basioccipital  and  pars  mastoidea  are  bj 
no  means  as  clear  as  Matthew's  figure  would  sug- 
gest, conditions  here  actually  being  obscure  in  the 
specimen.  [On  the  left  side  of  the  specimen,  furthei 
preparation  has  exposed  a  clear  suture  betweer 
the  entotympanic  and  basioccipital.]  The  struc- 
ture, position,  and  relations  of  these  three  frag- 
ments are  precisely  what  would  obtain  if  they  wen 
remnants  of  a  well-developed  entotympanic  thai 
was  broken  and  partially  displaced  at  the  same 
time  that  the  tympanic  was  displaced  medially 
No  other  interpretation  of  them  is  possible;  this 
is  true  whether  the  comparison  be  made  with  xe- 
narthrans  or  with  Metacheiromys.  The  apparently 
cancellous  nature  of  the  anterior  fragment  agrees 
with  xenarthran  entotympanic  structure;  the 
smooth  concave  lateral  side  of  the  central  one  can 
only  be  part  of  the  inner  wall  of  the  bulla,  whereas 
the  posterior  fragment  (Matthew's  "petrosal  crest"), 
as  van  der  Klaauw  has  pointed  out,  is  fully  com- 
parable to  the  caudal  part  of  the  xenarthran  en- 
totympanic. There  can  be  little  doubt  that  the  en- 
totympanic was  almost  if  not  quite  as  well 
developed  as  in  Metacheiromys. 

The  two  small  bones  in  the  tympanic  cavity 
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("frg.,  fragments  possibly  of  tympanic  ring"  in 
Matthew's  figure  caption,  fig.  39)  cannot  be  inter- 
preted with  any  certainty.  Conceivably  they  are 
auditory  ossicles,  perhaps  malleus  and  incus,  but 
the  preparation  necessary  to  confirm  or  disprove 
this  would  be  dangerous  to  the  specimen;  they  do 
not  appear  to  be  processes  from  the  periotic  and 
are  too  robust  to  be  regarded  as  broken  parts  of 
the  tympanic. 

[The  preparation  on  the  left  side  of  the  type 
specimen  has  exposed  the  internal  surface  of  the 
tympanic  cavity.  Moreover,  Dr.  Ken  Rose  has 
kindly  loaned  to  us  a  new  specimen  of  Palaean- 
odon (usgs  2 1 876,  fig.  1 8).  This  specimen  consists 
of  an  uncrushed  braincase  in  which  the  petrosals 
on  either  side  were  exposed  due  to  the  absence  of 
the  tympanies  and  entotympanics.  We  have  sub- 
sequently prepared  the  entire  middle  ear  cavity  on 
the  left  side  of  the  skull,  which  was  largely  un- 
damaged in  burial,  and  the  medial  portion  of  the 
right  side,  which  was  damaged  laterally.  The  fol- 
lowing then  is  a  brief  description  of  the  heretofore 
undescribed  middle  ear  cavity  of  Palaeanodon, 
based  on  the  type  and  the  new  specimen. 

The  promontorium  of  the  petrosal  is  small, 
ovoid,  and  only  slightly  inflated.  It  is  separated 
from  the  basioccipital  by  a  broad  medial  shelf  that 
is  continuous  anteriorly  with  what  appears  to  be 
a  large  epitympanic  wing  of  the  petrosal  (termi- 
nology of  MacPhee,  1981).  These  shelves  give  the 
ventral  surface  of  the  petrosal  a  broad,  flat  ap- 
pearance that  stands  in  sharp  contrast  to  the  large, 
globose  petrosal  characteristic  of  Metacheiromys 
and  most  xenarthrans  (see,  however,  Priodontes, 
Patterson  et  al.,  1 989).  The  epitympanic  wing  con- 
tinues anterolaterally  and  dorsally  to  the  promon- 
torium to  form  a  large,  deep  fossa  for  the  origin 
of  the  tensor  tympani  muscle. 

The  stapedial  arterial  system  of  Palaeanodon 
appears  to  have  been  quite  well  developed,  in  con- 
trast to  the  xenarthrans,  which  have  lost  the  sta- 
pedial artery  (Bugge,  1979;  Wible,  1984,  1987). 
The  posterior  process  of  the  right  petrosal  in  usgs 
21876,  a  process  which  marks  the  beginning  of  a 
groove  for  the  promontory  artery,  forms  the  ven- 
tralmost  point  on  the  petrosal.  It  would  seem  to 
indicate  from  its  position  that  the  internal  carotid 


artery  entered  the  tympanic  cavity  from  a  ventral 
position  in  the  posterior  wall.  In  the  type,  this  area 
is  occupied  by  the  entotympanic,  and  this  bone 
presumably  had  a  posteroventral  carotid  foramen. 
In  Metacheiromys  and  the  xenarthrans,  this  ca- 
rotid foramen  is  situated  much  farther  anteriorly, 
along  the  medial  wall  of  the  tympanic  cavity.  The 
internal  carotid  appears  to  have  traveled  a  short 
distance  anterolaterally  from  the  carotid  foramen 
and  then  split  into  two  large  branches  that  tra- 
versed grooves  on  the  lateral  surface  of  the  petro- 
sal—a  dorsal  stapedial  artery  and  a  ventral  prom- 
ontory artery.  The  latter  artery  continued  on  in  a 
groove  that  ran  anteriorly  for  a  short  distance  be- 
fore curving  over  the  ventral  surface  of  the  pro- 
montorium in  an  anteromedial  arc  to  reach  the 
very  anterointernal  corner  of  the  petrosal.  No  such 
groove  is  present  in  Metacheiromys,  and  among 
xenarthrans  it  is  only  found  in  the  anteaters.  The 
former  artery  flowed  anterodorsally  and  laterally, 
its  groove  ending  at  the  posteroventral  rim  of  the 
fenestra  ovalis.  The  artery  must  have  then  passed 
through  the  stapes  (see  the  description  of  Meta- 
cheiromys stapes  below)  and  continued  on  to  form 
a  large  ramus  inferior  and  possibly  a  smaller  ramus 
superior,  although  there  is  no  evidence  for  the  lat- 
ter. The  ramus  inferior  passed  under  the  roof  of 
the  facial  sulcus  and  from  there  ran  anteriorly  and 
ventrally  in  a  very  large  groove  located  lateral  to 
the  tensor  tympani  fossa.  The  lateral  wall  of  this 
groove  is  formed  by  a  ridge  of  the  petrosal  bone. 
This  ridge  is  continuous  posteriorly  with  the  crista 
facialis  and  bears  a  broken  surface  laterally,  which 
appears  to  match  a  similar  broken  surface  on  the 
squamosal,  separated  from  the  ridge  by  a  narrow 
groove.  At  its  ventral  extremity,  the  ridge  is  su- 
tured to  the  alisphenoid.  The  positional  relation- 
ships of  this  ridge— medial  to  the  squamosal  and 
the  presumed  tegmen  tympani  (the  structure  so 
labeled  in  the  figure  is  similar  in  position  to  the 
tegmen  of  xenarthrans),  lateral  to  the  petrosal 
proper,  and  posterior  to  the  alisphenoid— and  the 
fact  that  it  forms  a  direct  continuation  of  the  crista, 
suggest  to  us  that  this  ridge,  and  the  floor  of  the 
ramus  inferior  groove  along  with  it,  may  be  ho- 
mologous with  the  processus  cristae  facialis  of  xe- 
narthrans. If  we  are  correct  in  homologizing  the 


Fig.  18.  Palaeanodon  sp.,  usgs  21876:  A,  stereophotographs  of  braincase  in  ventral  view;  B,  stereophotographs 
showing  enlarged  view  of  left  auditory  region  in  ventral  view;  C,  line  drawing  of  braincase  in  ventral  view,  with 
structures  labeled.  Hatched  lines  indicate  a  broken  surface,  stippling  indicates  the  presence  of  matrix. 
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two  processes,  it  would  constitute  very  strong  ev- 
idence of  a  palaeanodont/xenarthran  relationship, 
as  noted  by  Patterson  and  Segall  below. 

usgs  21876  has  one  more  large  vascular  groove 
traveling  through  the  auditory  region.  This  groove 
crosses  the  medial  surface  of  the  petrosal,  ventral 
to  the  position  of  the  entotympanic  in  the  type, 
and  ends  posteriorly  in  the  large,  deeply  recessed 
posterior  lacerate  foramen.  Almost  certainly  this 
groove  served  to  carry  the  inferior  petrosal  sinus 
(Wible,  1986).] 

Matthew  very  tentatively  determined  as  the  hy- 
oid  articulation  a  depression  in  the  ventral  surface 
of  the  pars  mastoidea  (?hy  in  his  fig.  39).  This  pit 
narrows  to  a  foramen,  however,  and  there  is  an- 
other, smaller  foramen  posterior  to  it.  These  two 
openings  correspond  well  in  position  to  foramina 
regarded  as  vascular  by  Simpson  in  Metacheiro- 
mys and  we  so  regard  them  in  Palaeanodon.  [Sim- 
ilar vascular  foramina  occur  in  the  entotympanic 
of  Metacheiromys  (Simpson,  1931a,  fig.  7v),  in 
accordance  with  the  condition  in  some  sloths  and 
armadillos.]  The  tympanohyal  and  the  stylomas- 
toid foramen  were  almost  surely  situated  in  the 
now  open  and  matrix-filled  space  that  has  been 
left  medial  to  the  pars  mastoidea  by  the  displace- 
ment of  the  tympanic  and  entotympanic.  [The 
subsequent  preparation  of  the  type  on  the  left  side 
has  exposed  the  tympanohyal  and  stylomastoid 
foramen.  The  tympanohyal,  which  faces  laterally, 
is  situated  posterior  to  the  medial  portion  of  the 
meatal  tube  of  the  tympanic.  The  stylomastoid 
foramen  lies  just  anterolateral  to  the  tympanohyal, 
and  hence  also  behind  the  meatal  tube.  It  is  thus 
a  foramen  definitivum.  Note  that  in  the  figure  of 
usgs  21876,  the  tympanohyal  faces  posteriorly  and 
lies  anteromedial  to  the  hourglass-shaped  stylo- 
mastoid foramen.  It  would  seem  that  the  tympa- 
nohyal, which  is  broken  off  in  this  specimen,  must 
have  been  enlarged  posteriorly  and  ventrally  as  in 
xenarthrans  (see  footnote  7),  contacting  the  mas- 
toid and  thus  completely  enclosing  the  "foramen 
primitivum"  (sensu  Patterson  and  Segall).  From 
this  "foramen  primitivum,"  the  facial  nerve  ap- 
parently curved  around  the  lateral  surface  of  the 
tympanohyal  so  that  the  stylomastoid  foramen 
("foramen  definitivum,"  sensu  Patterson  and  Se- 
gall) came  to  lie  anterolateral  to  the  tympanohyal 
at  the  surface  of  the  skull.  As  to  the  hourglass  shape 
of  the  foramen,  it  is  possible  that  there  was  an 
arterial  twig  accompanying  the  facial  nerve  into 
the  tympanic  cavity,  much  as  Guth  (1961)  de- 
scribes in  Bradypus  and  Choloepus.]  Matthew  has 
described  and  figured  the  very  large  pars  mastoi- 


dea of  the  periotic.  We  may  add  that  the  ver 
position  is  slightly  inflated,  foreshadowing  ( 
ditions  in  the  later  Metacheiromys. 

The  foramen  lacerum  posterium  is  unusu 
large  and  round,  as  noted  by  Matthew.  It  not< 
the  basioccipital  (and  mastoid?)25  to  a  de; 
equaled  by  few  xenarthra.  Matthew's  figure 
shows  it  as  sharply  set  off  from  the  groove  betv 
bulla  and  basioccipital  by  a  sutural  connection 
tween  the  caudal  part  of  the  entotympanic 
"petrosal  crest")  and  the  basioccipital.  The  ! 
posed  suture  is,  however,  an  artifact  brought  al 
by  the  medial  displacement  of  tympanic  and 
totympanic.  [As  mentioned  above,  in  this  i 
Matthew  would  seem  to  have  been  correct.  £ 
sequent  preparation  has  revealed  a  basioccip 
entotympanic  suture.]  Relations  between  forai 
and  groove  were  no  doubt  as  in  Metacheiro 
and  the  Xenarthra. 

Matthew  stated  that,  on  the  basis  of  the  si 
". .  .  one  might  hesitate  to  say  whether  the  ge 
stood  nearer  fundamentally  to  the  armadillo 
to  the  pangolins."  Incomplete  as  the  only  kn( 
skull  is,  it  permits  a  more  positive  conclusion  t 
this.  Palaeanodon  possesses  a  well-developed 
totympanic,  a  very  large  pars  mastoidea,  anc 
occipital  crest— all  characters  present,  in  van 
degree,  among  the  Xenarthra.  In  the  Pholidota 
further  below)  the  entotympanic  is  represented  < 
by  a  small  nodule  of  bone  between  the  tympj 
and  the  anterior  part  of  the  basioccipital  (if  ind 
this  is  an  entotympanic  at  all),  which  is  not  pre: 


25  In  the  Xenarthra,  the  suture  between  exoccipita 
pars  mastoidea  runs  lateral  to  the  foramen.  In  Matth 
figure  of  P.  ignavusand  in  one,  but  not  both,  of  Simps 
basicranial  figures  of  Metacheiromys  dasypus,  the  si 
is  shown  as  running  to  the  foramen.  Examination  o 
materials  permits  some  doubt  as  to  whether  the  si 
actually  followed  that  course  in  palaeanodonts.  [M 
cheiromys  (pu  1 8 1 07)  shows  a  clear  contact  betweei 
entotympanic  and  the  reduced  paroccipital  process,  w 
itself  lies  medial  to  the  mastoid.  This  contact  excl 
the  mastoid  from  participation  in  the  rim  of  the  posti 
lacerate  foramen.  The  entotympanic  continues  on  la 
to  this  contact  to  form  a  lateral  connection  with 
tympanohyal  and  a  posterior  connection  with  the  l 
toid.  The  situation  is  less  clear  in  Palaeanodon.  The 
is  covered  with  matrix  in  this  area,  making  sutures 
ficult  to  distinguish.  Certainly  the  entotympanic 
proaches  the  paroccipital  process,  usgs  21876,  how< 
has  relatively  small  exoccipitals,  and  the  mastoid 
pears  to  form  part  of  the  paroccipital  process.  Givei 
size  of  the  mastoid  participation  in  the  rim  of  the 
terior  lacerate  foramen  in  this  specimen,  it  seems 
likely  that  the  entotympanic  (which  is  missing  in 
specimen)  would  exclude  mastoid  exposure  in  the  i 
gin  of  the  foramen.] 
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in  all  species,  the  surface  exposure  of  the  pars  mas- 
toidea  is  minute  and  there  is  no  occipital  crest.  Of 
such  pangolin  characters  as  the  lateral  wings  of  the 
basioccipital  and  the  smaller  lateral  surface  of  the 
squamosal  there  is  no  trace  in  Palaeanodon.  For 
us,  then,  there  can  be  no  hesitation:  the  skull  is 
fundamentally  edentate  and  shows  no  significant 
resemblance  to  the  pangolins. 


Metacheiromys  Wortman26 

The  auditory  region  has  been  well  described  and 
figured  by  Simpson.  The  metacheiromyids  are  ex- 
tremely precocious  in  the  degree  of  evolution  shown 
by  the  auditory  region.  Nothing  comparable  was 
achieved  by  the  Xenarthra  until  post-Santacruzian 
time.  The  structure  is  not  exactly  like  anything 
later  achieved  by  the  xenarthrans,  the  euphrac- 
tines  coming  the  closest  in  tympanic  structure.  The 
most  aberrant  feature,  from  a  xenarthran  stand- 
point, is  the  greatly  inflated  mastoid,  as  Simpson 
identifies  the  inflated  element  behind  the  tympan- 
ic. There  is  a  decided  possibility,  however,  that 
much  of  this  inflated  area  may  be  entotympanic, 
in  which  case  the  difference  would  not  be  great 
since  the  entotympanic  extends  laterally  behind 
the  tympanic  to  participate  in  the  fossa  for  the 
stylohyal  in  many  xenarthrans,  e.g.,  ground  sloths. 

Simpson's  figures  of  M.  dasypus  (amnh  11718, 
type,  from  the  Bridgerian  of  Wyoming)  show  what 
appears  to  be  a  suture  between  entotympanic  and 
mastoid  that  runs  anteriorly  and  ventrally  from 
the  foramen  lacerum  posterium  to  the  tympanic. 
This  is  not  mentioned  in  his  text.  [To  us]  it  does 
not  appear  to  be  a  suture  but  a  combination  of  a 
crack  and  a  small  groove  running  from  a  vascular 
foramen  to  the  foramen  lacerum  posterium.  [Pat- 
terson and  Segall's  observations  are  completely 
corroborated  by  pu  18107.]  We  believed  that  the 
entotympanic,  rather  than  ending  at  this  point, 
continued  laterally  to  the  tympanohyal,  as  in  Xe- 
narthrans and  Palaeanodon.  [Again,  the  new  spec- 
imen confirms  this  unequivocally.]  Vague  indi- 
cations of  a  division  between  entotympanic  and 
mastoid  in  this  area  can  be  seen  both  in  M.  dasypus 
and  in  the  type  of  M.  tatusia  (amnh  1 1 549),  but 
it  is  not  certain  that  these  are  really  sutural.  The 


26  [In  addition  to  the  type,  the  description  below  was 
compared  to  pu  1 8 107,  a  beautifully  preserved  and  whol- 
ly uncrushed  skull  which  is  approximately  one-third 
smaller  than  the  type  specimen.  The  information  on  the 
stapes  was  derived  from  usnm  452349,  which  Robert 
Emry  kindly  allowed  us  to  examine.] 


fact  remains  that  what  must  be  mastoid  is  notably 
more  inflated  than  in  xenarthrans,  but  this  differ- 
ence does  not  by  any  means  offset  the  very  positive 
resemblance  between  the  two  groups  in  the  au- 
ditory region  as  a  whole.  In  Palaeanodon  ignavus 
(type)  there  is  no  such  great  inflation  posterior  to 
the  bulla  and  there  is  no  clear  separation  between 
the  two  tympanies,  possibly  due  to  the  greater  age 
of  specimen. 

A  conspicuous  difference  from  the  Xenarthra 
that  has  not  hitherto  been  described  is  that  there 
is  no  groove  or  canal  in  the  entotympanic  for  the 
internal  carotid.  [In  this  matter,  Patterson  and  Se- 
gall  are  incorrect,  pu  18107  shows  a  clear  groove 
on  the  external  surface  of  the  left  entotympanic 
that  runs  anteromedially  from  the  posterior  lac- 
erate foramen  to  a  carotid  foramen  located  just 
posterior  to  the  midpoint  of  the  entotympanic] 
The  second  artery  [see  footnote  12]  may  have 
passed  forward  to  the  cranial  cavity  from  the  groove 
described  by  Simpson  between  basioccipital  and 
entotympanic.  There  is  no  postglenoid  foramen  in 
metacheiromyids,  nor  is  there  any  venous  opening 
posterior  to  the  foramen  ovale,  but  a  mastoid  fo- 
ramen of  xenarthran  type  may  be  seen  in  M.  ta- 
tusia. [Palaeanodon  does  not  have  a  mastoid  fo- 
ramen per  se,  but  usgs  2 1 876  does  possess  a  clear 
groove  traveling  dorsally  and  slightly  anterolat- 
erally  across  the  front  of  the  mastoid.  This  groove 
presumably  served  the  same  purpose  as  the  mas- 
toid foramen  and  canal  of  xenarthrans— to  carry 
the  occipital  artery  (Tandler,  1 899).  We  have  not 
examined  M.  tatusia  personally,  and  hence  we  do 
not  know  whether  its  "mastoid  foramen"  is  a  ven- 
tral opening  for  the  occipital  artery  or  a  more  dor- 
sal opening  for  the  arteria  diploetica  magna.  The 
USGS  specimen  also  clearly  possesses  a  post- 
glenoid foramen,  which  as  Patterson  and  Segall 
note,  is  absent  in  Metacheiromys.}  A  postglenoid 
process  is  present  in  both  Palaeanodon  and  Meta- 
cheiromys, but  is  situated  farther  anterior  to  the 
mastoid  process  than  in  Utaetus,  the  only  xenar- 
thran to  possess  a  postglenoid  process. 

The  ventral  surface  of  the  pars  petrosa  of  the 
periotic  is  exposed  on  the  left  side  of  M.  tatusia. 
It  is  rounded,  only  slightly  longer  than  wide,  and 
decidedly  convex  transversely,  resembling  that  of 
Dasypus  among  living  armadillos.  There  is  no  in- 
dication of  shelving  around  the  promontorium, 
such  as  occurs  in  armadillos.  The  fenestrae  are 
relatively  large,  especially  the  f.  vestibuli,  which 
is  larger  than  in  Dasypus  and  Euphractus.  The 
apertura  tympanica  canalis  facialis  is  visible  but 
the  crista  facialis  is  broken.  This  is  most  unfor- 
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tunate,  because  it  would  be  of  great  interest  to  learn 
if  the  Palaeanodonta  possessed  the  process  from 
the  anterior  part  of  the  crest  that  is  so  characteristic 
a  feature  of  the  Xenarthra.  The  great  size  and 
marked  degree  of  inflation  of  the  pars  mastoidea 
has  been  commented  on  by  Simpson.  The  relation 
of  this  inflation  to  the  bulla  is  unknown.  If  the 
inflation  is  not  cancellous  but  consists  of  a  single 
large  cavity,  this  may  well  be  epi-  rather  than  hy- 
potympanic  in  nature.  [Although  the  nature  of  this 
mastoid  inflation  is  unknown  in  Metacheiromys, 
preparation  of  the  USGS  specimen  of  Palaeano- 
don  has  demonstrated  that  its  mastoid  inflation  is 
not  connected  to  the  middle  ear  cavity.  The  middle 
ear  cavity  does,  however,  possess  a  large  epitym- 
panic  sinus  that  opens  ventrally  through  a  foramen 
pneumaticum  situated  lateral  to  the  presumed  teg- 
men  tympani.  This  sinus  has  a  small  anterior  ex- 
tension into  the  squamosal  over  the  glenoid  fossa.] 
[Lastly,  we  have  been  permitted  to  examine  a 
specimen  of  Metacheiromys  (usnm  452349)  in 
which  the  ear  ossicles  are  preserved.  The  stapes 
of  this  animal  is  a  typical,  therian  bicrurate  stapes. 
It  is  short  and  wide,  so  that  the  width  of  the  foot- 
plate appears  to  exceed  the  height  of  the  bone. 
There  is  a  small  head  situated  on  top  of  the  con- 
fluence of  the  two  crura,  and  the  crura  themselves, 
both  of  which  are  somewhat  damaged,  appear  to 
be  either  hollow  or  deeply  grooved,  much  as  in 
the  anteaters  Myrmecophaga  and  Tamandua.  The 
footplate  itself  forms  an  elongate  oval  transversely 
and  is  surrounded  by  a  high  rim.  The  incus  is 
incompletely  exposed  and  the  malleus  damaged; 
thus,  descriptions  of  these  bones  will  not  be  in- 
cluded here.] 


Epoicotheriidae 

As  in  the  case  of  the  Metacheiromyidae,  the 
available  materials,  consisting  of  one  skull  each  of 
the  remarkable  little  Epoicotherium  Douglas  from 
the  Chadronian  of  Montana  and  of  the  even  more 
extraordinary  Xenocranium  Colbert  from  the 
Orellan  of  Wyoming,  have  been  so  well  described 
(Simpson,  1927;  Colbert,  1942)  that  the  discussion 
will  be  limited  to  a  few  supplementary  remarks. 
[We  have  no  copy  of  these  remarks,  only  the  figure 
of  one  poorly  preserved  skull  and  endocast  of  an 
epoicotheriid  of  indeterminate  affinities  from  the 
Early  Oligocene  of  South  Dakota  and  one  endocast 
of  another  epoicotheriid  specimen  from  the  Amer- 
ican Museum  (fig.  18A-D,  fmnh  UM  483;  18E, 
amnh  9245).  The  poor  state  of  preservation  of  this 


specimen  prevents  any  attempt  at  a  description  of 
the  ear  region  beyond  what  is  noted  on  the  figure. 
For  a  discussion  of  the  bony  anatomy  of  the  au- 
ditory region  in  this  family,  the  reader  is  referred 
to  the  aforementioned  works,  as  well  as  to  the  work 
of  Rose  and  Emry  (1983).] 


The  Auditory  Ossicles 

William  D.  Turnbull  and  Timothy  Gaudin 

Patterson  and  Segall  had  illustrations  prepared 
of  the  auditory  ossicles  of  fossil  and  extant  xenar- 
thrans  from  all  three  infraorders.  Unfortunately, 
we  have  found  no  descriptive  text  to  go  with  these 
figures.  There  are  no  such  descriptions  appended 
to  the  accounts  of  individual  genera  in  the  system- 
atics  section  of  either  Part  I  or  Part  II.  We  have 
assumed  that  these  descriptions  were  to  be  grouped 
together  in  a  separate  section  to  be  placed  some- 
where within  the  manuscript  as  a  whole,  but  we 
have  no  clear  evidence  that  this  is  so,  or  where 
such  a  segment  was  to  be  placed.  It  is  clear  that 
these  ossicle  illustrations  were  prepared  either  be- 
fore or  after  the  figures  accompanying  the  main 
systematic  sections,  as  they  are  drawn  in  a  very 
different  style.  It  may  very  well  be  that  the  reason 
we  have  no  manuscript  for  this  section  is  that 
Patterson  had  decided  not  to  include  this  section 
in  the  final  published  version.  We  will  assume, 
however,  that  since  he  and  Segall  had  the  illustra- 
tions made,  they  intended  them  to  be  included  in 
the  study.  We  have  montaged  these  illustrations 
into  two  figures  (figs.  20-21)  and  written  a  de- 
scriptive text  to  accompany  them. 

The  auditory  ossicles  of  most  of  the  living  gen- 
era of  xenarthrans  have  been  carefully  described 
by  Doran  (1878)  and  later  by  Fleischer  ( 1 973).  The 
morphology  of  both  the  xenarthran  stapes  (No- 
vacek  &  Wyss,  1986a)  and  malleus  (Segall,  1976) 
has  been  addressed  by  subsequent  workers.  Notes 
on  the  ossicles  of  fossil  xenarthrans  are  more  dif- 
ficult to  come  by,  but  descriptions  are  available  in 
the  works  of  Woodward  ( 1 900),  Stock  ( 1 925),  Lull 
(1929),  and  Guth  (1956b,  1957,  1961).  Because 
there  is  already  a  substantial  body  of  literature 
describing  these  bones,  we  have  treated  this  por- 
tion of  the  text  as  supplementary  to  the  earlier 
works,  and  have  not  prepared  an  exhaustive  de- 
scription of  the  ossicles  of  all  genera  for  which 
they  are  available.  Rather,  we  have  concentrated 
on  describing  the  ossicles  for  the  genera  for  which 
we  have  figures,  or  for  which  we  were  able  to  ob- 
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Fig.  20.  Tolypeutes  t.  matacus,  fmnh  28340:  A,  stapes  shown  in  ventral  view.  Dasypus  novemcinctus  mexicana, 
fmnh  6392 1 :  B,  malleus  shown  in  dorsal  (above),  lateral  (left),  and  medial  views,  stapes  shown  in  lateral  (above)  and 
ventral  views.  Chaetophractus  (=  Euphractus)  villosus,  fmnh  63865:  C,  malleus  shown  in  dorsal,  lateral  (left),  and 
medial  views.  Prozaedius  exilis,  pu  15579:  D,  right  malleus  and  portion  of  tympanic  ring  shown  in  lateral  view. 
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tain  specimens  not  available  to  the  original  au- 
thors. For  other  xenarthran  taxa,  we  provide  no 
more  than  an  overview,  and  the  reader  is  referred 
to  the  aforementioned  studies  for  the  details. 


Armadillos 

Figure  20  illustrates  the  morphology  of  the  mal- 
leus and  stapes  in  several  genera  of  living  and 
extant  armadillos.  One  can  divide  the  armadillos 
into  two  groups  based  on  the  morphology  of  the 
malleus.  This  first  group,  typified  by  the  malleus 
of  Dasypus  in  Figure  20B,  corresponds  roughly 
with  Engelmann's  group  Dasypodidae  (Engel- 
mann,  1978,  1985,  although  it  includes  the  extinct 
form  Prozaedius,  which  Engelmann  considers  to 
be  an  early  euphractine).  The  second  group,  rep- 
resented by  the  malleus  of  Chaetophractus  in  Fig- 
ure 20C,  corresponds  with  a  clade  to  which  En- 
gelmann gives  the  name  Euphracta. 

The  malleus  of  Dasypus  is  characterized  by  a 
dorsoventrally  elongate  head  that  is  somewhat  tri- 
angular in  lateral  view,  with  the  apex  of  the  head 
pointed  straight  dorsally.  The  articular  surface  is 
divided  by  a  deep  groove  into  two  facets  which 
lie  at  an  acute  angle  to  one  another  in  lateral  view. 
The  upper  facet  is  much  larger  than  the  lower.  It 
is  flat,  vertically  oriented,  and  faces  posteriorly 
and  slightly  medially.  The  lower  facet,  which  is 
also  turned  slightly  mediad,  is  convex  upward.  The 
malleus  has  a  large  anterior  process  (terminology 
of  Segall,  1 976,  equivalent  to  the  processus  gracilis 
of  Doran,  1878),  which  is  connected  by  a  broad 
lamina  to  the  head.  The  lamina  has  a  medially 
thickened  anterodorsal  border,  and  bears  on  its 
lateral  surface  a  deep  fossa  which  receives  the  tip 
of  the  anterior  crus  of  the  tympanic.  The  neck  of 
the  malleus  is  short  and  mediolaterally  com- 
pressed. The  lateral  process  (processus  brevis  of 
Doran,  1878)  is  not  distinct.  The  manubrium  is 
sabre-shaped  in  anterior  view,  with  a  broad  base 
that  narrows  distally  to  a  laterally  recurved  tip.  It 
is  quite  thin  in  lateral  view,  with  a  spatulate  distal 
expansion.  The  manubrium  is  set  off  from  the  neck 
of  the  malleus  by  a  60-70-degree  angle  in  dorsal 
view,  whereas  in  lateral  view,  the  angle  between 
the  two  is  about  1 10  degrees. 

The  mallei  of  Priodontes  (fmnh  2527 1),  Cabas- 
sous  (fmnh  47960),  and  Tolypeutes  (fmnh  2834 1 
and  21407)  were  examined  and  found  to  be  very 
similar  to  that  of  Dasypus.  In  Priodontes  the  head 
is  more  compressed  anteroposterior^,  whereas  in 
Cabassous  the  head  is  more  globose,  the  anterior 
process  is  noticeably  thickened,  and  the  articular 


facets  face  more  dorsally  and  medially.  Tolypeutes, 
as  in  Priodontes,  has  a  more  compressed  head  than 
Dasypus;  but,  more  strikingly,  it  bears  an  enor- 
mously elongate  anterior  process  that  runs  along 
the  full  length  of  the  sulcus  malleoli  of  the  tym- 
panic. Such  an  elongate  process  was  found  in  a 
Dasypus  juvenile  by  Doran  (1878),  and  in  a  Das- 
ypus adult  by  Guth  ( 1 96 1 ).  It  is  also  present  in  the 
fossil  form  Prozaedius,  which  we  have  not  been 
able  to  examine  personally,  but  which  is  illustrated 
in  Figure  20D.  The  malleus  of  this  genus  appears 
to  be  quite  similar  to  that  of  the  other  dasypodids. 
Given  its  position  as  an  early  and  rather  primitive 
euphractine,  it  seems  reasonable  to  suggest  that 
this  "dasypodid-type"  malleus,  with  or  without 
the  greatly  elongate  anterior  process,  may  be  prim- 
itive for  armadillos  as  a  whole. 

The  malleus  of  euphractine  armadillos  shows 
substantial  differences  from  that  of  the  dasypod- 
ids, contra  the  descriptions  of  Doran  (1878).  As 
illustrated  in  Figure  20C  by  the  malleus  of  a  ju- 
venile specimen  of  Chaetophractus  (fmnh  63865), 
the  head  of  these  forms  is  much  larger  relative  to 
the  size  of  the  whole  bone  itself,  and  much  more 
globose.  The  articular  facets  for  the  incus  are  set 
at  an  obtuse  angle  to  one  another;  otherwise  they 
are  similar  to  those  of  Dasypus.  The  anterior  pro- 
cess of  the  malleus  is  quite  small,  with  a  corre- 
sponding reduction  in  the  size  of  the  lamina.  The 
lateral  process  of  the  malleus  is  much  more  dis- 
tinct than  that  of  Dasypus,  though  the  shape  of  the 
manubrium  is  much  the  same  as  in  the  latter  ge- 
nus. In  strong  contrast,  however,  to  the  malleus 
of  Dasypus,  the  manubrium  is  in  line  with  the  neck 
in  lateral  view,  and  forms  an  obtuse  angle  of  about 
1 00  degrees  with  the  neck  in  dorsal  view. 

The  mallei  of  Zaedius  (fmnh  25617)  and  Chla- 
myphorus,  the  latter  as  described  in  Guth  (1961) 
and  Segall  (1976),  are  broadly  similar  to  that  of 
Chaetophractus.  The  anterior  process  and  lamina 
are  further  reduced  in  Zaedius,  and  even  further 
reduced  in  Chlamyphorus  (contra  Fleischer,  1973, 
who  illustrates  a  large  anterior  process  for  Chla- 
myphorus). Chlamyphorus  exhibits  several  other 
small  differences  from  the  mallei  of  Zaedius  and 
Chaetophractus,  including  differences  in  the  shape 
of  the  articular  facets,  lateral  process,  and  manu- 
brium, all  attributable,  according  to  Segall  (1 976), 
to  adaptation  to  the  animal's  fossorial  way  of  life. 

The  stapes  of  armadillos,  as  exemplified  by  that 
of  Dasypus  (fig.  20B),  is  of  a  fairly  standard  eu- 
therian  bicrurate  type,  albeit  with  somewhat  dor- 
soventrally compressed  crura.  Such  a  widely  per- 
forate stapes  is  unquestionably  primitive  for 
cingulates  as  a  whole  (Novacek  &  Wyss,  1986a), 
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and  is  present  in  living  and  in  some  extinct  forms, 
e.g.,  Eutatus  and  Glyptodon  (Guth,  1957,  1961). 
However,  there  is  variation  in  stapedial  mor- 
phology within  the  group.  The  stapes  of  Tolypeutes 
(fig.  20A)  has  only  a  very  small,  distally  located 
stapedial  foramen.  The  crura  are  confluent  prox- 
imally,  forming  an  elongate  neck  below  the  head. 
A  neck  is  variably  present  in  the  genus  Cabassous 
(Guth,  1961,  pers.  obs.).  A  neck  is  also  found  in 
the  stapes  of  Glyptodon  (Guth,  1957,  1961)  and 
Chlamyphorus  (Guth,  1961;  Segall,  1976,  but  cf. 
Fleischer,  1973),  although  in  these  forms  the  sta- 
pedial foramen  is  a  good  deal  larger  than  in  Toly- 
peutes.  The  three  other  glyptodont  genera  in  which 
Guth  (1957,  1961)  figures  the  stapes  show  a  com- 
pletely imperforate  morphology.  However,  in  two 
of  these  forms  Guth  describes  the  bone  as  having 
two  thickened  crura  that  have  fused  medially.  Giv- 
en this  fact,  and  the  condition  in  Glyptodon  and 
other  cingulates,  it  is  most  parsimonious  to  con- 
clude that  a  perforate  stapes  (i.e.,  one  with  unfused 
crura,  and  perhaps  with  an  elongate  neck)  is  prim- 
itive for  glyptodonts. 


Sloths 

Much  as  with  the  armadillos,  extinct  and  extant 
sloths  can  be  divided  into  two  groups  on  the  basis 
of  mallear  morphology.  The  first  group,  typified 
by  the  malleus  of  Bradypus  (fmnh  1 6557,  fig.  2 1 D), 
corresponds  to  the  Bradypus/ Megatherium  divi- 
sion of  the  main  systematics  section  of  this  study. 
The  second  group,  as  exemplified  by  the  malleus 
of  Choloepus  (fmnh  30731,  fig.  21C),  corresponds 
to  the  Choloepus/ Megalonyx  and  Mylodont  di- 
visions of  this  work. 

The  malleus  of  Bradypus  is  similar  in  many  re- 
spects to  that  of  the  euphractine  armadillos.  Like 
the  latter  group,  the  head  of  the  malleus  is  large 
and  bulbous.  However,  it  is  directed  slightly  an- 
teroventrally  and  is  much  more  elongate  antero- 
posteriorly  than  in  euphractines,  so  that  in  dorsal 
view  the  sides  of  the  head  run  parallel  to  one  an- 
other (fig.  2 ID).  As  Segall  (1976)  has  noted,  such 
a  dorsal  contour  is  common  to  all  living  sloths  and 
anteaters  except  Cyclopes,  and  stands  in  contrast 


to  the  more  semioval  or  semicircular  head  char- 
acteristic of  Cyclopes  and  extant  cingulates.  The 
articular  facets  of  the  malleus  in  Bradypus  are  sim- 
ilar in  morphology  to  those  of  Chaetophractus, 
except  that  the  groove  dividing  the  facets  is  shal- 
lower, the  two  facets  are  approximately  subequal, 
and  the  upper  facet  is  directed  posteroventrome- 
dially  (not  simply  posteromedially).  The  neck  is 
slender  and  of  similar  relative  length  as  that  of 
Chaetophractus.  As  in  the  latter  form,  the  anterior 
process  is  small.  The  lamina  is  somewhat  larger 
than  in  euphractines,  due  to  the  lengthening  of  the 
head,  but  as  in  these  forms  it  lacks  a  distinct  lateral 
facet  for  articulation  with  the  tympanic  bone.  The 
lateral  process  of  the  malleus  is  enlarged  over  the 
condition  seen  in  euphractines,  so  that  it  actually 
forms  a  free-standing  projection  dorsally.  The  ma- 
nubrium is  reduced  in  length  relative  to  the  cin- 
gulate  condition,  but  is  otherwise  similar  in  shape. 
In  lateral  view,  as  in  euphractines  the  manubrium 
is  in  line  with  the  neck.  In  dorsal  view,  it  sits  at  a 
more  obtuse  angle  than  is  seen  in  Chaetophractus, 
forming  about  a  1 30-degree  angle  with  the  neck. 

Although  we  have  not  been  able  to  examine  the 
specimen  personally,  the  malleus  of  Nothrotheri- 
ops  as  illustrated  in  Figure  2 IE  closely  approxi- 
mates the  morphology  described  above  in  Brady- 
pus, with  some  slight  differences.  The  groove 
dividing  upper  and  lower  incudal  facets  is  deeper. 
The  head  is  slightly  less  elongate.  The  most  note- 
worthy difference  between  the  malleus  of  Noth- 
rotheriops  and  that  of  Bradypus,  indeed  between 
Nothrotheriops  and  all  other  sloths  and  anteaters 
save  Cyclopes,  is  that  the  dorsal  contour  of  the 
head  is  ovoid,  with  the  sides  not  subparallel  but 
bowing  out  from  one  another.  This  condition  is 
very  reminiscent  of  the  morphology  seen  in  cin- 
gulates (Segall,  1976). 

We  have  only  a  sketchy  diagram  provided  by 
Guth  (1961)  of  the  malleus  of  Megatherium,  but 
it  would  seem  to  conform  as  well  to  the  general 
shape  of  the  bone  in  Bradypus.  It  is  likely  that  such 
a  malleus  is  characteristic  of  the  whole  Bradypus/ 
Megatherium  division. 

As  Doran  (1878)  noted,  the  malleus  of  Choloe- 
pus shows  clear  differences  from  that  of  Bradypus. 
It  also  demonstrates  some  interesting  similarities 


Fig.  2 1 .  Paramylodon,  amnh  22609:  A,  isolated  left  tympanic  ring  shown  in  medial  and  lateral  views.  Lestodon 
myloides,  amnh  1 1 270:  B,  right  malleus  shown  in  dorsal,  medial  (left),  and  lateral  views,  incus  shown  in  dorsomedial 
view.  Choloepus  hoffmani,  fmnh  30739:  C,  left  malleus  shown  in  dorsal  (above),  medial  (middle),  and  lateral  views. 
Bradypus  tridactylus,  fmnh  16657:  D,  right  malleus  shown  in  dorsal  (above),  lateral  (middle),  and  medial  views. 
Nothrotheriops  shastense,  ypm  13198:  E,  right  malleus  shown  in  dorsal,  medial  (left),  and  lateral  views.  Cyclopes 
didactylus,  fmnh  51931:  F,  stapes  shown  in  ventral  view. 
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to  the  dasypodid  malleus.  More  so  than  in  any 
other  xenarthran,  the  head  of  the  malleus  is  tre- 
mendously elongated  anteroposteriorly.  Like 
Bradypus,  this  head  is  directed  somewhat  antero- 
ventrally.  The  anterior  process,  like  that  of  the 
dasypodids  and  unlike  that  of  Bradypus,  is  quite 
long,  and  the  lamina  correspondingly  large.  The 
articular  facets  for  the  incus  are  like  those  of  Brad- 
ypus, except  that  the  groove  separating  upper  and 
lower  facets  is  deeper.  The  lateral  process  is  about 
the  size  of  that  present  in  Chaetophr actus— larger 
than  that  of  the  dasypodids,  smaller  than  the  lat- 
eral process  of  Bradypus.  The  manubrium  is  sim- 
ilar in  shape  and  in  length  to  that  of  Bradypus,  but 
is  oriented  at  a  much  different  angle  relative  to  the 
rest  of  the  bone.  In  lateral  view,  the  manubrium 
forms  an  angle  of  approximately  1 1 0  degrees  to 
the  neck,  much  as  in  the  Dasypodidae.  In  dorsal 
view,  the  manubrium  forms  a  more  acute  angle 
with  the  neck  than  is  the  case  in  Dasypus,  being 
offset  about  45  degrees  laterally  from  the  neck. 

The  only  megalonychid  specimen  in  which  au- 
ditory ossicles  were  available  to  us  for  examina- 
tion was  amnh  17722,  the  Acratocnus  specimen 
described  in  the  main  systematic  section  and  il- 
lustrated in  Figure  5.  The  malleus  of  this  form, 
which  can  be  seen  in  the  figure,  is  not  isolated,  but 
from  the  portion  that  is  exposed  it  appears  to  show 
a  Choloepus-like  morphology,  with  a  long  anterior 
process  and  a  manubrium  that  sits  at  a  100-1 10- 
degree  angle  to  the  neck  in  lateral  view. 

The  mylodont  sloths  also  conform  closely  to  the 
mallear  morphology  of  Choloepus.  Figure  21B 
shows  the  malleus  of  Lestodon  in  medial,  lateral, 
and  dorsal  view.  The  head  and  incudal  facets  are 
very  Choloepus-like.  The  lamina  and  anterior  pro- 
cess are  broken,  but  what  remains  of  the  lamina 
would  seem  to  indicate  a  structure  of  similar  size 
to  that  found  in  Choloepus.  The  manubrium  is 
also  missing  from  the  specimen,  but  the  proximal 
remnants  of  this  structure  show  that  it  formed  a 
large  angle  with  the  neck  of  the  malleus  when 
viewed  laterally. 

Figure  22  illustrates  ossicles  of  the  genus  Glos- 
sotherium,  including  those  of  a  juvenile  specimen 
lent  to  us  by  the  Page  Museum  (lacmhc  12230), 
and  two  adults  sent  to  us  by  the  Idaho  Museum 
of  Natural  History  (imnh  35015/15141,  55005/ 
16072).  The  mallei  in  both  cases  are  badly  dam- 
aged, with  only  the  head  and  articular  facets  pre- 
served. Stock  (1925,  pi.  23),  however,  provides  a 
figure  of  a  malleus  from  the  same  genus,  shown 
in  posterior  view.  The  bone  in  Stock's  figure  pre- 
serves all  but  the  distal  portion  of  the  manubrium. 


The  bone  in  this  genus  is  unusual  in  several  re- 
spects. The  lower  articular  facet  is  inflated  more 
than  is  typical  for  xenarthrans,  and  the  bone  has 
a  curious  sigmoid  curvature  in  dorsal  view.  Both 
the  anterior  extremity  of  the  head  and  the  incudal 
facets  are  deflected  somewhat  mediad,  while  the 
neck  turns  back  laterally.  The  anterior  process  in 
Stock's  specimen  appears  to  be  broken,  so  that  its 
size  cannot  be  determined.  As  in  Choloepus,  how- 
ever, the  malleus  has  an  elongate  head  that  seems 
to  have  borne  a  large  lamina  on  its  ventral  surface, 
and  the  manubrium  sits  at  an  obtuse  angle  to  the 
neck. 

Guth  (1956b,  1961)  illustrates  the  mallei  of  a 
number  of  other  mylodont  genera,  including  My- 
lodon,  Glossotherium,  Scelidotherium,  Analcithe- 
rium,  and  Nematherium.  These  are  also,  for  the 
most  part,  like  the  malleus  of  Choloepus,  although 
some  show  interesting  resemblances  to  the  malleus 
of  Bradypus.  The  malleus  of  Scelidotherium  ap- 
pears to  lack  the  long  anterior  process  of  Choloe- 
pus; however,  this  may  be  attributable  to  post- 
mortem breakage.  Analcitherium  does  not  appear 
to  have  the  greatly  elongate  head  characteristic  of 
Choloepus,  though  it  is  otherwise  quite  similar.  In 
Mylodon  and  Glossotherium,  the  manubrium  is  in 
line  with  the  neck  of  the  malleus  in  lateral  view, 
as  in  forms  from  the  Bradypus/ Megatherium  di- 
vision. The  elongate  mallear  head,  and,  in  the  case 
of  Mylodon,  elongate  anterior  process  are,  how- 
ever, much  more  reminiscent  of  the  morphology 
in  Choloepus. 

Figures  2 1 B  and  22C-E  illustrate  the  morphol- 
ogy of  the  incus  in  Lestodon  and  Glossotherium, 
respectively.  Because  Patterson  and  Segall  includ- 
ed such  a  drawing  in  their  auditory  ossicle  figures, 
we  will  briefly  mention  that  the  morphology  of 
these  bones  is  typical  for  sloths  as  a  whole  (Doran, 
1878;  Woodward,  1900;  Guth,  1961;  Fleischer, 
1973).  The  body  is  short  and  squat,  and  the  long 
and  short  processes  are  approximately  equal  in 
length.  This  is  in  contrast  to  the  incudi  of  cingu- 
lates  and  of  Tamandua  and  Cyclopes,  in  which  the 
short  process  is  much  reduced  relative  to  the  long 
process  (Doran,  1878).27 

Patterson  and  Segall  included  no  figures  of  the 
stapes  of  any  sloth.  However,  given  the  recent  at- 
tention focused  on  the  primitive  morphology  of 


27  There  is  some  disagreement  as  to  the  relative  size 
of  these  processes  in  Myrmecophaga— Doran  ( 1 878)  and 
Fleischer  (1973)  describe  the  short  process  as  being  re- 
duced, but  Field  Museum  specimens  and  those  of  Guth 
(1961)  bear  processes  that  are  much  closer  to  one  another 
in  length. 
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Fig.  22.  Glossotherium  harlani,  lacmhc  1 2230:  A,  partial  right  malleus  shown  in  dorsal,  lateral  (left),  and  medial 
views;  B,  right  stapes  shown  in  ventral  view;  C,  right  incus  shown  in  medial  view.  Glossotherium  harlani,  imnh 
35015/15141:  D,  incus  shown  in  lateral  view.  Glossotherium  harlani,  imnh  55005/16072:  E,  incus  shown  in  lateral 
view. 


the  stapes  for  Eutheria  as  a  whole  and  edentates 
in  particular  (Segall,  1970;  Fleischer,  1978;  No- 
vacek  &  Wyss,  1986a),  as  well  as  the  importance 
of  the  stapes  as  a  character  useful  in  sorting  out 
eutherian  relationships  (Novacek,  1982,  1986; 
Novacek  &  Wyss,  1986b;  Shoshani,  1986;  No- 
vacek et  al.,  1988),  we  felt  a  few  paragraphs  on 
the  stapedial  morphology  of  both  fossil  and  extant 
sloths  might  prove  enlightening.  Novacek  and 
Wyss  (1986a)  have  suggested  that  an  imperforate 
stapes,  much  like  that  figured  for  the  pygmy  ant- 
eater  Cyclopes  (fig.  2 1 F),  is  primitive  for  sloths  as 
well.  Certainly  an  imperforate  stapes  is  quite  com- 
mon in  the  two  extant  sloth  genera.  However,  as 
Doran  ( 1 878)  has  pointed  out,  both  genera  at  times 
possess  a  small,  slitlike  aperture  between  two 
thickened  columnar  crura.  This  stapedial  mor- 
phology is  variably  present  among  individuals,  and 
even  between  left  and  right  sides  of  the  same  skull. 
The  ontogeny  of  the  stapes  in  both  genera  dem- 
onstrates that  this  slit  results  from  an  incomplete 
closure  of  a  much  larger  foramen  present  in  im- 
mature individuals.  We  have  observed  a  large,  cir- 
cular stapedial  foramen  in  our  youngest  juvenile 
specimens  of  Choloepus  (fmnh  44053  (illus.  in  fig. 
23A-B),  60586).  This  large  foramen  is  retained  on 
at  least  one  side  of  the  skull  in  some  older  juveniles 
(fmnh  84522,  127421)  and  even  some  skulls  in 
which  the  cranial  sutures  are  beginning  to  close 
(fmnh  1206  and  127422).  In  one  early  juvenile 
specimen  (fmnh  1 28409),  as  well  as  in  a  few  older 
juveniles  (fmnh  14183,  14185,  14186,  and  60585), 
the  foramen  is  narrowed  and  may  be  represented 


by  nothing  but  a  small  slit,  but  all  Choloepus  ju- 
veniles in  the  Field  Museum  collections  possess  a 
perforated  stapes.  Specimen  fmnh  44053,  an  early 
juvenile,  appears  to  retain  a  vestige  of  the  stapedial 
artery  passing  through  the  stapedial  foramen.  This 
vestigial  artery,  as  illustrated  in  Figure  23A,  is 
embedded  in  a  ligament  that  arises  from  the  ex- 
ternal surface  of  the  promontorium  ventral  to  the 
fenestra  ovalis  and  passes  through  the  stapedial 
foramen  into  dried  connective  tissue  filling  the 
facial  sulcus.  The  stapedial  foramen  is  absent  in 
all  juvenile  specimens  of  Bradypus  contained  in 
the  Field  Museum  collections.  However,  Schnei- 
der (1955)  has  described  the  stapedial  foramen  in 
fetal  Bradypus,  indicating  that  a  rudiment  of  the 
stapedial  artery  passes  through  this  opening.  Ac- 
cording to  Schneider,  both  the  artery  and  the  sta- 
pedial opening  degenerate  fairly  early  in  ontogeny. 
A  secondary  loss  of  the  stapedial  foramen  in 
Choloepus  and  Bradypus  is  proposed  not  only  on 
the  basis  of  the  ontogeny  of  the  stapes  in  these 
extant  forms,  but  also  on  phylogenetic  informa- 
tion. The  morphology  of  the  stapes  is  well  known 
among  extinct  ground  sloths  of  the  family  Mylo- 
dontidae,  the  purported  sister  group  to  the  megalo- 
nychoid  clade  that  contains  the  living  tree  sloths. 
This  stapedial  morphology  is  well  illustrated  by  a 
juvenile  Glossotherium  specimen  from  the  Page 
Museum  (fig.  22B).  The  stapes  possesses  a  large 
proximally  situated  stapedial  foramen.  The  crura 
run  essentially  parallel  to  one  another,  in  contrast 
to  the  distally  diverging  crura  of  cingulates  (fig. 
20B),  and  are  connected  to  one  another  by  a  thin 
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Fig.  23.     Choloepus  hoffmani,  fmnh  44053:  A,  line  drawing  of  the  right  ear  region  based  on  photograph  in  B, 
showing  a  close-up  of  the  tympanic  ring,  auditory  ossicles,  and  middle  ear.  (Continued  on  p.  67.) 


lamina  situated  beneath  the  stapedial  foramen.  The 
posterior  crus,  again  unlike  that  of  cingulates,  is 
thickened  dorsoventrally  and  bears  a  strong  mus- 
cular process.  The  stapes  of  the  genus  Mylodon, 
described  and  figured  almost  100  years  ago  by 
Woodward  (1900),  is  essentially  identical  to  that 
described  above  for  Glossotherium.  Guth  (1956a, 
1961)  also  illustrates  the  stapes  of  several  mylo- 
dont  genera,  including  the  Pleistocene  forms  My- 
lodon, Glossotherium,  and  Scelidotherium,  and  the 
Miocene  genus  Analcitherium.  All  these  forms  bear 
large  stapedial  perforations.  Mylodon  and  Glos- 
sotherium, according  to  Guth,  lack  any  sort  of  plate 
connecting  the  crura,  so  that  the  stapes  closely 
resemble  those  typically  found  in  the  anteaters 
Myrmecophaga  and  Tamandua. 

In  addition  to  the  information  on  the  mylodont 
stapes,  we  have  recently  uncovered  a  stapes  from 
a  fossil  megalonychoid,  the  Santacrucian  genus 
Eucholoeops.  The  left  stapes  of  fmnh  PI  3 1 39  was 
found  in  place,  sitting  within  the  vestibule  with 
its  head  poking  out  of  the  fenestra  ovalis.  Its  mor- 
phology (fig.  23B)  is  reminiscent  of  that  found  in 
our  juvenile  Choloepus  specimens.  It  is  short  and 
triangular  in  dorsoventral  view,  with  two  thick 


crura  that  diverge  slightly  from  head  to  footplate. 
The  posterior  crus  is  not  noticeably  thickened  as 
it  is  in  Glossotherium  (see  fig.  23B,  posterior  view), 
though  it  bears  a  blunt  process  for  the  stapedius 
muscle  posteriorly  and  lacks  a  neck  separating  the 
head  from  the  crura,  as  in  the  latter  genus.  Like 
Glossotherium,  the  stapes  of  Eucholoeops  has  a 
small  dorsal  lamina  that  connects  the  two  crura 
beneath  the  stapedial  foramen.  The  foramen, 
though  partially  obscured  by  matrix,  is  clearly  cir- 
cular and  quite  large. 

In  all  fossil  and  extant  sloths  for  which  the  stapes 
is  known,  the  bone  exhibits  a  well-defined  stape- 
dial foramen  at  some  point  during  ontogeny.  Al- 
though more  data  on  the  morphology  of  the  stapes 
in  extinct  sloths,  particularly  among  the 
megalonychids28  and  megatheriids,  could  provide 
important  corroborating  evidence,  we  feel  that  all 


28  We  have  recently  discovered  a  stapes  preserved  on 
the  right  side  of  a  skull  of  Megalonyx  from  amnh  (f:  am 
99 1 94).  The  stapes  was  damaged  during  preparation  (it 
was  broken  through  the  middle  of  both  crura)  but  clearly 
bore  a  large  stapedial  foramen. 
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Fig.  23.     Continued.  B,  photograph  of  posterior  portion  of  skull  (fmnh  44053),  ventrolateral  view.  Eucholoeops 
ingens,  fmnh  PI  31 39:  C,  left  stapes  shown  in  (clockwise  from  upper  left)  dorsal,  ventral,  lateral,  and  posterior  view. 


current  ontogenetic  and  phylogenetic  information 
supports  the  claim  that  the  stapes  in  primitive 
sloths  was  of  a  typical  eutherian  bicrurate  form. 
This  bicrurate  form  was  subsequently  lost  in  adult 


Bradypus  and  Choloepus.  A  bicrurate  stapes  is 
present  in  two  of  three  genera  of  vermilinguas  and 
is  almost  certainly  present  primitively  in  cingu- 
lates,  as  discussed  above.  It  thus  seems  highly 
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probable  that  a  widely  perforate  stapes  is  primitive 
for  the  whole  order.  Given  this  fact,  and  the  afore- 
mentioned presence  of  a  bicrurate  stapes  in  pa- 
laeanodonts,  the  absence  of  a  stapedial  foramen 
is  unlikely  to  serve  as  a  valid  character  separating 
edentates  from  the  rest  of  Eutheria  {contra  No- 
vacek,  1982,  1986;  Novacek  &  Wyss,  1986b; 
Shoshani,  1986;  Novacek  et  al.,  1988). 


Anteaters 

Apart  from  the  stapes  of  Cyclopes,  no  figures  of 
anteater  ear  ossicles  were  prepared  by  Patterson 
and  Segall,  and  little  mention  has  been  made  of 
these  bones  so  far  in  this  text.  As  these  bones  have 
been  described  elsewhere  (Doran,  1878;  Guth, 
1961;  Fleischer,  1973),  we  will  not  describe  them 
in  detail,  except  for  the  following  brief  discussion 
of  mallear  morphology.  The  mallei  of  the  three 
genera  of  extant  vermilinguas  are  similar  in  most 
respects  to  that  of  Bradypus.  The  head  is  antero- 
posterior^ elongate  (although  directed  straight  an- 
teriorly, not  anteroventrally  as  in  the  latter  form), 
and  the  anterior  process  and  lamina  are  small  {con- 
tra Guth,  1961,  and  Fleischer,  1973,  who  depict 
the  anterior  process  and  lamina  in  these  forms  as 
being  considerably  larger).  In  Cyclopes,  the  ma- 
nubrium forms  a  180-degree  angle  to  the  neck  in 
lateral  view,  just  as  in  Bradypus,  whereas  in  the 
other  two  genera  the  angle  is  only  slightly  lower, 
closer  to  1 50  degrees.  Similarly,  in  dorsal  view  the 
manubrium  forms  an  obtuse  angle  with  the  neck 
as  in  Bradypus.  From  the  point  of  view  of  Patter- 
son and  Segall's  implied  phylogenetic  relation- 
ships, the  similarities  of  the  malleus  in  the  ant- 
eaters,  the  Bradypus/ Megatherium  sloth  division, 
and  the  euphractine  armadillos  would  almost  have 
to  be  considered  convergent.  Interestingly,  these 
three  groups  of  xenarthrans  are  the  three  major 
subgroups  that  are  characterized  by  animals  that 
possess  completely  ossified  auditory  bullae.  The 
dasypodid  armadillos,  as  well  as  Choloepus  and 
the  megalonychid  and  mylodont  sloths,  which 
share  a  common  mallear  morphology,  are  for  the 
most  part  lacking  a  completely  ossified  auditory 
bulla.  This  would  seem  to  imply  that  the  mor- 
phological differences  between  the  two  malleus 
types,  including  differences  in  length  of  the  ante- 
rior process  and  orientation  of  the  manubrium, 
may  have  important  functional  differences— dif- 
ferences correlated  with  the  differing  resonant 
properties  of  fully  ossified  versus  partly  membra- 
nous middle  ear  cavity  walls. 


Conclusions 

William  D.  Turnbull  and  Timothy  Gaudin 

It  has  already  been  pointed  out,  both  in  the 
Conclusions  to  Part  I  and  in  the  Introduction  to 
this  paper,  that  we  have  not  been  able  to  find  any 
formal  written  conclusions  in  association  with  the 
manuscripts  of  either  Part  I  or  Part  II.  This  is 
despite  the  fact  that  we  know  such  a  Conclusions 
section,  summarizing  the  systematic  implications 
of  this  work,  existed  at  some  time.  It  seems  likely 
that  Patterson  never  finished  the  manuscripts  to 
his  complete  satisfaction,  in  large  measure  owing 
to  the  difficulty  he  had  in  drawing  systematic  con- 
clusions from  the  work.  Although  we  have  no  writ- 
ten version  of  Patterson's  final  thoughts  on  this 
matter,  we  do  have  clues  as  to  what  Patterson  and 
Segall  thought  this  study  might  imply  in  terms  of 
xenarthran  phylogeny.  The  organization  of  the  De- 
scriptive Anatomy  section  of  this  paper  into  di- 
visions, groups,  and  subfamilies  serves  as  the  main 
source  of  insight  into  the  thinking  of  the  two  orig- 
inal authors.  The  xenarthran  phylogeny  of  Patter- 
son and  Pascual  (1968,  1972)  was  based  largely 
on  Patterson's  earlier  work  on  the  anatomy  of  the 
auditory  region,  and  although  it  is  only  a  very 
general  phylogeny  of  the  order,  it  provides  addi- 
tional insights.  Last,  the  Descriptive  Anatomy  sec- 
tion of  this  paper  has  conclusions  embedded  with- 
in the  descriptions  themselves.  The  descriptions 
are  the  only  source  of  character  data  to  support 
the  relationships  deduced  from  the  above  sources, 
but  their  support  of  these  groupings  is  very  un- 
even, with  some  such  groupings  (perhaps  those 
Patterson  was  less  comfortable  with?)  receiving 
little  or  no  attention.  In  writing  this  Conclusions 
section,  we  have  tried  not  only  to  piece  together 
the  systematic  conclusions  of  Patterson  and  Segall, 
but  to  provide  the  evidence  for  these  conclusions 
as  well,  emphasizing  those  relationships  that  are 
the  best  supported.  Figure  24  and  Table  1  are  pro- 
vided as  a  summary  of  these  phylogenetic  rela- 
tionships and  the  supporting  evidence.  One  of  us 
has  performed  a  cladistic  analysis  of  pilosan  phy- 
logeny based  upon  characters  of  the  ear  region 
drawn  from  these  descriptions  (Gaudin,  1 990).  Al- 
though this  is  not  the  place  to  discuss  those  results 
in  detail,  they  will  be  mentioned  in  cases  where 
they  provide  additional  support  for  Patterson  and 
Segall's  conclusions,  or  where  they  may  serve  to 
clear  up  ambiguities  in  the  relationships  the  orig- 
inal authors  attempted  to  draw. 
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In  the  last  paragraph  of  their  description  of  Pa- 
laeanodon,  Patterson  and  Segall  state,  "For  us  then 
there  can  be  no  hesitation:  the  skull  [of  Palaean- 
odon is  fundamentally  edentate  and  shows  no  sig- 
nificant resemblances  to  pangolins."  This  sentence 
is  a  strong  endorsement  of  the  earlier  work  of 
Simpson  (1931a,  1945),  who  placed  palaeano- 
donts  in  the  suborder  Palaeanodonta  within  the 
order  Edentata  (=  Xenarthra).  However,  as  dis- 
cussed in  the  introduction,  the  work  of  Emry  ( 1 970) 
criticizing  Simpson's  allocation  of  the  palaeano- 
donts  to  the  Xenarthra,  and  suggesting  instead 
pholidotan  affinities,  seems  to  have  raised  serious 
doubts  in  Patterson's  mind  as  to  the  correctness 
of  his  earlier  views  on  palaeanodonts.  In  Patterson 
and  Pascual  (1972),  the  systematic  relationships 
of  palaeanodonts  are  mentioned  briefly,  and  al- 
though these  authors  do  not  endorse  Emry's  views, 
neither  do  they  come  out  in  favor  of  a  palaeano- 
dont/xenarthran  linkage.  It  would  seem  that  Pat- 
terson, as  in  most  of  the  recent  literature  on  the 
group  (Rose,  1979;  Rose  &  Emry,  1983;  Rose  et 
al.,  1991),  chose  to  consider  the  group  as  a  sub- 
order incertae  sedis.  The  characters  used  by  Pat- 
terson and  Segall  to  support  the  common  ancestry 
of  palaeanodonts  and  xenarthrans  are  not  as  strong 
as  their  above  statement  would  seem  to  indicate. 
Two  of  their  three  characters,  the  strong  occipital 
crest  and  large  mastoid  exposure,  are  most  likely 
primitive  eutherian  features  (Kielan-Jaworowska, 
1981,  1984;  Novacek,  1986;  Novacek  &  Wyss, 
1 986b;  Novacek  et  al.,  1 988).  The  third  character, 
a  large  entotympanic,  although  clearly  not  a  prim- 
itive eutherian  feature  (Novacek,  1977),  is  also 
problematic.  Novacek  lists  1 3  higher  categories  of 
mammals  that  have  a  large  entotympanic  contri- 
bution to  the  auditory  bulla,  raising  the  strong 
possibility  that  this  resemblance  between  xenar- 
thrans and  palaeanodonts  is  merely  convergent. 

Our  examination  of  new  specimens  ofPalaean- 
odon  and  Metacheiromys  has  shed  new  light  on 
this  problem  of  palaeanodont  affinities.  Like  Pat- 
terson and  Segall,  we  find  little  reason,  based  on 
auditory  region  anatomy,  to  consider  palaeano- 
donts and  pangolins  to  be  closely  related.  Emry 
(1970)  briefly  discusses  the  auditory  region  of  the 
two  groups,  and  suggests  that  the  inflated  mastoid 
of  palaeanodonts  is  actually  an  epitympanic  infla- 
tion of  the  squamosal,  which  would  cover  the  mas- 
toid posteriorly— a  feature  characteristic  of  the 
Pholidota.  However,  both  Palaeanodon  (usgs 
2 1 876)  and  Metacheiromys  (pu  1 8 107)  have  a  clear 
suture  between  mastoid  and  squamosal  showing 
that,  unlike  pangolins,  the  squamosal  does  not  have 
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Fig.  24.  Inferred  phylogeny,  based  on  Parts  I  and  II 
of  this  work  and  the  work  of  Patterson  and  Pascual  ( 1 968, 
1972).  Characters  supporting  the  numbered  nodes  are 
given  in  the  Conclusions  and  in  Table  1 . 

an  occipital  exposure.  In  addition,  a  break  in  the 
squamosal  of  usgs  21876  has  permitted  prepa- 
ration of  the  epitympanic  sinus,  showing  that  it  is 
clearly  separate  from  the  air  spaces  filling  the  mas- 
toid, and  that  the  sinus  not  only  extends  posterior 
to  the  auditory  meatus,  as  in  pangolins  but  not 
xenarthrans,  but  also  anterior  to  the  meatus,  com- 
ing to  lie  above  the  glenoid,  as  in  xenarthrans  but 
not  pangolins.  The  only  real  resemblances  between 
the  ear  regions  of  palaeanodonts  and  pangolins  are 
characters,  like  the  large  epitympanic  recess  and 
large  posterior  lacerate  foramen,  that  are  shared 
by  xenarthrans  as  well  and,  if  anything,  indicate 
the  possible  monophyly  of  the  cohort  Edentata 
(sensu  Novacek,  1 986). 

Unlike  the  situation  with  palaeanodonts  and 
pholidotans,  there  are  several  characteristics  of  the 
auditory  region  that  would  seem  to  indicate  a  close 
common  ancestry  of  palaeanodonts  and  xenar- 
thrans. Two  such  features  were  discussed  above 
in  the  descriptions  of  Palaeanodon  and  Metachei- 
romys: the  groove  or  canal  in  the  mastoid  for  the 
occipital  artery,  and  the  processus  cristae  facialis. 
In  addition,  the  anterolateral  position  of  the  sty- 
lomastoid foramen  relative  to  the  tympanohyal  is 
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Table  1.  Characters  supporting  the  Patterson  and  Segall  phylogeny.  Those  characters  in  bold  type  are  strong 
characters  (i.e.,  their  distributions  among  relevant  taxa  are  essentially  the  same  as  described  by  Patterson  and  Segall), 
those  in  normal  type  are  questionable  in  some  way  or  another. 

Node  1 :  Palaeanodonts  +  Xenarthra:  Large  entotympanic;  large  mastoid  exposure  on  occiput;  well-developed  occipital 

crest. 
Node  2:  Xenarthra:  Enlarged  entoglenoid  process;  squamosal  arches  high  above  incisura  tympanica,  exposing  the 

auditory  ossicles  in  lateral  view;  processus  crista  facialis  present;  tympanohyal  continuous  with  crista  facialis; 

foramen  ovale  located  within  the  alisphenoid. 
Node  3:  Vermilingua:  Pterygoids  extended  posteriorly  to  participate  in  the  wall  of  the  tympanic  cavity;  opening  for 

Eustachian  tube  located  at  posteromedial  corner  of  tympanic  cavity;  descending  wedge  of  squamosal  separates 

tympanic  crura  in  juvenile  skull;  mastoid  process  absent;  recessus  meatus  well  developed;  glenoid  gently  concave 

transversely  and  enlarges  from  behind  forwards. 
Node  4:  Protamandua  +  Tamandua  +  Myrmecophaga:  Internal  carotid  artery  crosses  surface  of  promontorium  within 

groove;  basioccipital  process  participates  in  wall  of  tympanic  cavity;  tympanic  cavity  communicates  anteriorly 

with  pterygoid  sinus. 
Node  5:  Tamandua  +  Myrmecophaga:  Pterygoids  meet  in  midline. 
Node  6:  Sloths:  Large  rounded  stylohyal  fossa  made  up  of  contributions  from  mastoid,  tympanohyal,  and  entotympanic; 

anterior  crus  of  tympanic  larger  than  posterior. 
Node  7:  Mylodontidae:  K  pi  tympanic  sinus  absent;  root  of  zygoma  directed  anterolaterally;  glenoid  situated  well 

anterior  and  dorsal  to  porus  acousticus;  glenoid  shallow,  concave,  extending  well  onto  the  zygoma,  with  internal 

descending  portion  slight;  entotympanic  firmly  attached  to  the  petrosal;  entotympanic  contacts  exoccipital  and 

tympanohyal;  entotympanic  with  saddle-shaped  sulcus  for  the  internal  carotid  artery  lying  between  medial  and 

lateral  plates. 
Node  8:  Mylodontinae:  Pterygoid  inflated;  tympanohyal  directed  vent  rally  and  posterolateral  ly . 
Scelidotheriinae:  Paroccipital  process  enlarged;  stylohyal  fossa  reduced  in  size;  groove  in  which  mastoid  lies  somewhat 

narrowed;  tympanohyal  directed  ventrally. 
Node  9:  Megalonychoidea:  Tympanic  expanded  medially. 
Node  10:  Megalonychidae:  Large,  circular  posterior  lacerate  foramen;  lateral  plate  of  entotympanic  thin  with  a  medial 

expansion;  glenoid  transversely  expanded;  dorsal  contour  of  skull  evenly  convex  in  lateral  view;  root  of  zygoma 

directed  laterally;  processus  crista  facialis  large,  fiat,  and  concave;  stylomastoid  foramen  a  foramen  primitivum. 
Node  1 1 :  Acratocnus  +  Choloepus:  Paroccipital  process  enlarged;  Acratocnus  intermediate  between  large  megalony- 

chids  and  Choloepus  in  the  following  characters— ventral  position  of  stylohyal  fossa  in  lateral  view,  position  of 

glenoid  relative  to  porus  acousticus  (both  dorsoventrally  and  anteroposteriorly),  length  and  width  of  mastoid 

groove  and  size  of  mastoid  process,  rugosity  and  medial  expansion  of  tympanic. 
Megalocnus  +  Choloepus:  Extensive  area  of  attachment  between  anterior  crus  of  tympanic  and  squamosal;  skull 

heavily  pneumatized. 
Node  1 2:  Megatheriidae:  Tympanic  large  relative  to  size  of  skull;  posterior  lacerate  foramen  elongate  anteroposteriorly; 

epitympanic  sinus  rough-walled;  Eustachian  tube  oriented  vertically. 
Node  1 3:  Schismotherium  Group:  Basioccipital  tubera  present. 
Node  14:  Megatheriinae  +  Nothrotheriinae:  Stylomastoid  foramen  directed  ventrally;  anterior  crus  of  tympanic  does 

not  diverge  laterally;  tympanic  unattached  to  the  pterygoid  or  squamosal  ventrally;  anterior  portion  of  tympanic 

expanded  ventrally  and  medially;  tympanic  laterally  expanded;  auditory  bulla  fully  ossified. 
Node  1 5:  Pronothrotherium  +  Nothrotheriops:  Vomer  with  elongate  ridge  bearing  a  sigmoid  curvature;  glenoid  similar 

in  shape. 
Pronothrotherium  +  Bradypus:  Mastoid  process  enlarged;  relationship  of  tympanic  crura  to  squamosal  similar. 
Nothrotheriops  +  Bradypus:  Anterior  portion  of  entotympanic  extends  laterally  beneath  tympanic. 
Megatherium/ Eremotherium  +  Pronothrotherium:  Postglenoid  foramina  present;  entotympanic  with  large  antero- 

ventral  process. 


a  shared  feature  of  xenarthrans  and  palaeano- 
donts. This  latter  feature  is  not  unique  to  these 
two  groups  of  eutherians,  as  discussed  above,  but 
it  is  relatively  uncommon  and  is  almost  certainly 
not  a  primitive  feature  of  eutherian  auditory 
regions.  The  possession  of  a  large  entotympanic 
does  not  itself  constitute  strong  evidence  for  a  clade 
containing  both  xenarthrans  and  palaeanodonts, 
but  the  morphological  details  of  the  entotympan- 
ics  in  these  two  groups  do  support  their  mono- 
phyly.  In  both  groups,  the  entotympanic  is  a  plate- 
like bone  forming  the  entire  medial  wall  to  the 


auditory  bulla,  as  well  as  a  portion  of  the  posterior 
wall  and  a  small  portion  of  the  ventral  wall.  The 
entotympanic  participates  in  the  wall  of  the  pos- 
terior lacerate  foramen  and  bears  a  foramen  for 
the  internal  carotid  artery.  In  addition,  both  forms 
possess  an  ostium  tympanicaum  tubae  that  emerg- 
es between  the  entotympanic,  tympanic,  and  basi- 
cranium.  Of  the  1 1  other  higher  categories  of 
mammals  listed  by  Novacek  (1977)  as  having  a 
well-developed  entotympanic,  only  the  Carnivora 
possess  all  the  details  listed  above  that  characterize 
the  palaeanodont  and  xenarthran  entotympanic 
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(van  der  Klaauw,  1930b,  1931b;  Simpson,  1931b; 
McKenna,  1963;  Hunt,  1974;  Hunt  &Korth,  1980; 
MacPhee,  1981;  Novacek,  1986;  Wible  &  Nova- 
cek,  1988;  MacPhee  et  al.,  1989).  As  discussed  by 
Wible  and  Novacek  (1988),  the  absence  of  any 
trace  of  an  entotympanic  in  the  earliest  true  car- 
nivorans,  the  miacids,  suggests  that  the  entotym- 
panic was  independently  derived  within  the  Car- 
nivora;  thus,  any  similarity  in  the  carnivoran  and 
palaeanodont/xenarthran  entotympanic  must  also 
be  independently  acquired. 

We  are  not  aware  of  any  modern  systematic 
treatment  of  the  Xenarthra  that  considers  them  as 
anything  other  than  a  "natural  group"  or  mono- 
phyletic  clade,  with  the  possible  exception  of  En- 
gelmann's  Ph.D.  thesis  (1978),  in  which  he  sug- 
gests pangolins  were  derived  from  within  anteaters. 
Certainly  Patterson  and  Segall  accepted  the  mono- 
phyly  of  the  order,  and  although  there  is  little  dis- 
cussion of  ordinal  level  features  in  this  paper,  Part 
I  mentions  several  auditory  characters  that  typify 
the  order  as  a  whole.  Only  one  of  these  characters 
seems  to  provide  strong  support  for  xenarthran 
monophyly.  Patterson  and  Segall  describe  a  large 
ridge  of  the  squamosal  bone  posterointernal  to  the 
glenoid  that  forms  the  anterior  border  of  the  tym- 
panic cavity  in  all  xenarthrans.  This  ridge  appears 
to  be  homologous  to  the  entoglenoid  process  of 
McDowell  (1958),  and  an  enlarged  entoglenoid 
process  such  as  the  one  present  in  xenarthrans  is, 
according  to  MacPhee  (1981),  a  derived  feature 
within  Eutheria.  The  high  squamosal  arch  over 
the  incisura  tympanica  as  described  in  Priodontes 
(Patterson  et  al.,  1989,  p.  5)  is  also  indicated  as  a 
primitive  feature  of  all  xenarthrans.  This  conclu- 
sion is  seemingly  contradicted  in  the  description 
of  Utaetus  on  the  same  page,  where  Patterson  and 
Segall  state  that  "due  to  the  presence  of  the  post- 
glenoid  [process],  it  is  probable  that  there  was  no 
open  space  above  the  porus."  The  other  characters 
given  by  Patterson  and  Segall  as  characteristic  of 
the  order  appear  to  be  primitive  at  some  other 
level.  The  processus  crista  facialis  has  already  been 
discussed  as  a  character  shared  with  palaeano- 
donts.  The  connection  of  the  tympanohyal  to  the 
crista  facialis  is  common  to  all  mammals  (Good- 
rich, 1930;  Wible,  1990).  The  position  of  the  fo- 
ramen ovale  within  the  alisphenoid  appears  to  be 
primitive  for  eutherians.  This  character  is  notable 
in  that  Novacek  (1986),  Novacek  and  Wyss 
(1986b),  and  Novacek  et  al.  (1988)  have  claimed 
that  the  foramen  ovale  in  xenarthrans  only  notches 
the  back  of  the  alisphenoid  in  xenarthrans  and 
pholidotans,  and  have  used  this  character,  as  well 


as  the  supposed  imperforate  nature  of  the  stapes 
in  these  two  orders,  to  set  them  as  the  sister-group 
to  all  other  eutherians.  In  the  section  on  auditory 
ossicles,  we  show  that  an  imperforate  stapes  is 
unlikely  to  be  primitive  for  xenarthra  as  a  whole. 
This,  coupled  with  Patterson  and  Segall's  obser- 
vations on  the  position  of  the  foramen  ovale,  would 
seem  to  suggest  that  the  hypothesis  of  a  mono- 
phyletic  Epitheria,  including  all  eutherian  orders 
except  the  Pholidota  and  Xenarthra,  warrants  se- 
rious reconsideration. 

We  note  here  briefly  that  the  analysis  of  Gaudin 
( 1 990)  has  provided  some  auditory  characters  that 
are  synapomorphous  for  xenarthrans,  including: 
pterygoid  participation  in  the  wall  of  the  tympanic 
cavity,  the  presence  of  an  entotympanic/pterygoid 
connection,  and  a  reduction  in  relative  length  of 
the  postglenoid  region  of  the  skull. 

Patterson  and  Pascual  (1968,  1972)  depict  the 
relationship  between  the  three  xenarthran  infraor- 
ders  as  an  unresolved  trichotomy.  Patterson  and 
Segall  treat  these  infraorders  in  a  like  manner,  con- 
sidering each  independently  without  discussing  the 
possibility  of  a  close  relationship  between  any  two. 
Segall,  in  a  later  work  on  the  auditory  anatomy  of 
Chlamyphorus,  supports  a  monophyletic  Pilosa, 
linking  sloths  and  anteaters  on  the  basis  of  a  shared 
feature  of  the  mallei  of  the  two  groups,  wherein 
the  head  of  the  malleus  is  elongate  in  dorsal  view, 
with  parallel  sides  and  without  an  anterior  spine. 
As  stated  in  the  introduction,  the  work  of  Gaudin 
(1990)  has  uncovered  a  number  of  auditory  char- 
acters that  would  support  a  monophyletic  Pilosa, 
including:  large  posterior  lacerate  foramen,  pos- 
terior lacerate  foramen  below  and  behind  the  pe- 
trosal (see  Engelmann,  1978,  1985),  presence  of 
an  entotympanic/paroccipital  process  contact,  and 
stylomastoid  foramen  located  directly  lateral  to 
the  surface  exposure  of  the  tympanohyal. 

Of  the  three  xenarthran  suborders,  the  Vermi- 
lingua  is  perhaps  the  most  distinctive.  Patterson 
and  Segall  discuss  a  number  of  characteristics  that 
unite  these  taxa,  including  the  unusual  posterior 
extension  of  the  pterygoids  and  the  posterior  lo- 
cation of  the  opening  for  the  Eustachian  tube.  These 
authors  state  that  the  form  of  the  glenoid  is  a  dis- 
tinctive character  of  the  infraorder,  yet  earlier  in 
this  paper  they  note  the  similarity  of  the  anteater 
glenoid  to  the  glenoid  of  mylodonts.  This  would 
seem  to  indicate  that  this  type  of  glenoid  may  be 
primitive  for  all  pilosans. 

Within  the  Vermilingua,  Patterson  and  Segall 
place  Cyclopes  as  the  sister-group  to  the  other  three 
described  genera— Protamandua,  Tamandua,  and 
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Myrmecophaga.  This  arrangement,  which  coin- 
cides with  that  of  Engelmann  (1985),  is  supported 
by  the  fact  that  Cyclopes  lacks  a  basioccipital  par- 
ticipation in  the  tympanic  cavity  and  a  connection 
between  the  pterygoid  sinus  and  tympanic  cavity. 
Cyclopes  also  has  an  internal  carotid  artery  that 
courses  medial  to  the  tympanic  cavity,  and  does 
not  cross  the  promontorium  as  in  other  anteaters. 
Cyclopes  does  possess  a  large  subarcuate  fossa  like 
that  found  in  Tamandua.  However,  this  charac- 
teristic is  absent  in  Myrmecophaga  and  other  xe- 
narthrans,  and  considering  the  overwhelming  sim- 
ilarity between  Tamandua  and  Myrmecophaga,  is 
probably  convergent.  Patterson  and  Segall  place 
Protamandua  as  the  sister-group  to  Tamandua  and 
Myrmecophaga,  an  arrangement  that  is  again  in 
agreement  with  the  phylogeny  of  Engelmann 
( 1 985).  Protamandua  does  not  have  pterygoids  that 
meet  in  the  midline  as  in  Tamandua  and  Myr- 
mecophaga, but  its  porus  and  tympanies  are  in- 
termediate in  shape  between  that  of  Cyclopes  and 
those  of  Tamandua  and  Myrmecophaga,  and  it 
possesses  a  promontory  artery  and  a  basioccipital 
and  pterygoid  sinus  participation  in  the  tympanic 
cavity.  We  would  like  to  note  here  that  Engelmann 
(1985)  united  Cyclopes  and  the  Pliocene  genus  Pa- 
laeomyrmidon  into  a  clade  he  termed  the  Cyclo- 
pini,  partly  on  the  basis  of  the  lack  of  midline 
pterygoid  fusion  in  these  two  forms.  The  lack  of 
fusion  in  Protamandua  as  well  would  suggest  that 
this  is  a  primitive  feature  for  the  Vermilingua  as 
a  whole. 

Patterson  and  Segall  consider  the  sloths  to  be  a 
monophyletic  group  made  up  of  three  families: 
the  Mylodontidae,  Megatheriidae,  and  Megalony- 
chidae.  However,  apart  from  the  presence  of  a 
large,  round  stylohyal  fossa  formed  by  contribu- 
tions from  the  mastoid,  tympanohyal,  and  ento- 
tympanic,  and  perhaps  the  anterior  crus  of  the 
tympanic  being  larger  than  the  posterior  (though 
the  latter  feature  is  also  present  in  some  anteaters 
and  armadillos  and  hence  may  be  primitive),  they 
provide  little  support  from  the  ear  region  for  the 
monophyly  of  sloths.  The  two  original  authors  de- 
part from  the  usual  trichotomous  arrangement  of 
the  three  sloth  families  (Hoffstetter,  1958;  Engel- 
mann, 1985),  placing  the  Megatheriidae  and  Meg- 
alonychidae  into  a  monophyletic  group  Megalo- 
nychoidea.  They  then  split  the  remaining  sloth 
family  of  traditional  classifications,  the  two  extant 
genera  of  tree  sloths  in  the  family  Bradypodididae 
(Simpson,  1 945),  by  placing  Choloepus  in  the  Meg- 
alonychidae  and  Bradypus  in  the  Megatheriidae. 
These  conclusions  are  perhaps  the  most  unusual 


and  interesting  results  of  this  entire  paper.  The 
latter  conclusion,  that  of  bradypodid  diphyly,  is 
well  supported  and  will  be  discussed  below  when 
relationships  within  the  megatheriids  and  mega- 
lonychids  are  considered.  The  former  conclusion, 
that  of  a  monophyletic  Megalonychoidea,  is  very 
poorly  supported.  We  can  find  only  a  single  char- 
acter, the  possession  of  a  medially  expanded  tym- 
panic ring,  that  Patterson  and  Segall  would  use  to 
support  this  grouping.  Even  this  character  is  ab- 
sent in  the  Santacrucian  megatheriid  genera  Schis- 
motherium  and  Pelecyodon  and  in  the  extant  form 
Choloepus  (although  in  the  case  of  Choloepus,  Pat- 
terson and  Segall  imply  that  this  is  a  secondary 
reduction,  contra  Guth,  1 96 1 ,  who  uses  an  unex- 
panded  tympanic  as  a  character  linking  Choloepus 
and  mylodontids).  Certainly  the  mylodontids  are 
more  divergent  morphologically  (especially  den- 
tally) from  the  other  two  families  than  those  fam- 
ilies are  from  each  other  (Webb,  1985),  but  it  is 
unclear  if  the  similarities,  dental  and  otherwise, 
between  the  megatheriids  and  megalonychids  are 
derived  or  simply  primitive.  This  is  a  hypothesis 
in  need  of  much  more  supporting  evidence;  un- 
fortunately, the  work  of  Gaudin  ( 1 990)  does  not 
provide  such  evidence,  nor  does  it  support  a 
monophyletic  Megalonychoidea. 

Of  the  three  sloth  families,  it  is  perhaps  sur- 
prising that  the  Mylodontidae,  which  as  noted 
above  is  in  many  features  the  most  distinctive 
family,  is  the  least  well-supported  by  characters  of 
the  ear  region  in  Patterson  and  Segall's  work.  Many 
of  the  features  described  by  these  authors  as  char- 
acteristic of  the  mylodontid  auditory  region  are 
primitive  at  another  level,  e.g.,  the  anterolaterally 
directed  zygomatic  root  and  glenoid  well  separated 
from  the  porus  acousticus  are  primitive  for  all 
xenarthrans,  the  glenoid  shape  characters  and  the 
position  of  the  glenoid  dorsal  to  the  porus  are 
primitive  for  pilosans,  and  the  contact  between 
entotympanic  and  tympanohyal  and  entotympan- 
ic  and  exoccipital  are  primitive  for  all  sloths.  The 
shape  of  the  internal  carotid  sulcus  is  not  unique, 
but  its  ventral  location  at  the  level  of  the  basi- 
cranium  does  appear  to  characterize  mylodontid 
sloths.  The  lack  of  an  epitympanic  sinus  is  also  a 
solid  character.  The  analysis  of  Gaudin  (1990) 
would  support  this  clade  with  additional  charac- 
ters, including  the  flat  lateral  profile  of  the  ventral 
edge  of  the  entotympanic,  the  enlarged  lateral  ex- 
posure of  the  mastoid,  and  the  uniform  size  of  the 
tympanohyal  along  its  entire  length. 

Within  the  Mylodontidae,  the  subfamily  Sceli- 
dotheriinae  is  clearly  defined  by  a  number  of  fea- 
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tures,  among  them  the  large  paroccipital  process 
and  reduced  stylohyal  fossa.  The  genus  Octodon- 
totherium  was  figured  by  Patterson  and  Segall,  but 
the  description  was  written  by  Turnbull  and  Gau- 
din.  It  is  placed  in  the  subfamily  Mylodontinae  on 
the  basis  of  Patterson  and  Pascual's  phylogeny 
(1968,  1972).  This  placement  of  Octodontot he- 
hum  conflicts  with  the  phylogeny  of  Engelmann 
(1985),  in  which  this  taxon  is  placed  outside  both 
the  subfamilies  Mylodontinae  and  Scelidotheri- 
inae,  but  our  placement  is  corroborated  by  a  cou- 
ple of  characters  from  the  ear  region,  including  the 
presence  of  an  inflated  pterygoid  and  a  ventrally 
and  posterolaterally  directed  tympanohyal.  The 
remaining  mylodontine  genera,  Mylodon,  Lesto- 
don,  and  Glossotheriumf Paramylodon,  are  shown 
as  forming  an  unresolved  trichotomy  in  Figure  24. 
Patterson  and  Segall  do  not  discuss  any  features 
that  are  unique  to  the  three  forms,  but  they  un- 
doubtedly recognized  their  close  relationship  ex- 
clusive of  Octodontotherium  and  the  scelidothe- 
rines,  as  have  other  recent  workers  (Hoffstetter, 
1958;  de  Paula  Couto,  1979;  Engelmann,  1985; 
Webb,  1989).  Gaudin  (1990)  provides  several 
characters  linking  these  three  mylodontine  taxa, 
including  a  circular  stylohyal  fossa  and  a  laterally 
directed  stylomastoid  foramen. 

The  relationships  within  the  Megalonychidae, 
and  indeed  its  identity  as  a  monophyletic  group, 
are  perhaps  the  best  supported  and  most  clearly 
worked  out  of  all  the  systematic  conclusions  of 
this  paper.  Patterson  and  Segall  give  at  least  six 
features  that  support  the  monophyly  of  this  group: 
circular  posterior  lacerate  foramen,  entotympanic 
lateral  plate  thin,  glenoid  transversely  expanded, 
zygomatic  root  directed  laterally,  dorsal  contour 
of  skull  evenly  convex  (though  not  in  Megalonyx), 
and  stylomastoid  foramen  a  foramen  primitivum 
(though  not  in  Megalocnus).  Of  these,  all  but  the 
last  (which,  as  the  name  implies,  is  probably  prim- 
itive) appear  to  be  relatively  robust  supportive  ar- 
guments. 

The  taxa  Mega/onyx  and  Megalocnus  form  an 
unresolved  trichotomy  with  the  other  megalony- 
chid  genera  in  Figure  24.  Patterson  and  Segall  are 
unclear  in  their  discussions  as  to  which  taxon  is 
the  closest  to  Acratocnus  and  Choloepus,  with  each 
showing  resemblances  the  other  lacked.  This  un- 
certainty is  exacerbated  by  the  incompleteness  of 
our  specimen  of  Megalocnus.  No  such  uncertainty 
is  evident,  however,  in  the  placement  of  Acratoc- 
nus as  the  sister-group  to  the  extant  genus  Choloe- 
pus. Patterson  and  Segall  note  that  Acratocnus  is 
intermediate  in  morphology  between  Megalonyx/ 


Megalocnus  and  Choloepus  in  a  host  of  features, 
including  the  ventral  position  of  the  stylohyal  fos- 
sa, the  expansion  and  rugosity  of  the  tympanic 
ring,  the  position  of  the  glenoid  relative  to  the 
porus,  and  the  development  of  the  mastoid  region. 
In  addition,  it  shares  with  Choloepus  an  enlarge- 
ment of  the  paroccipital  process.  This  analysis  thus 
provides  additional  evidence  for  Webb's  (1985) 
placement  of  Choloepus  within  the  Megalonychi- 
dae, which  in  his  analysis  was  supported  by  only 
a  single  character.  It  conflicts,  however,  with  the 
megalonychid  phylogeny  of  Webb  and  Perrigo 
(1985)  in  deriving  Choloepus  from  within  the  an- 
tillean  ground  sloth  radiation,  rather  than  setting 
it  as  the  sister-group  to  all  Plio-Pleistocene  meg- 
alonychids. 

Patterson  and  Segall  provide  a  number  of  char- 
acters that  support  the  monophyly  of  their  mega- 
theriid  clade,  the  Bradypus/ Megatherium  divi- 
sion. Unfortunately,  relationships  within  the  group 
are  in  many  cases  rather  poorly  resolved  and 
somewhat  confusing.  The  characteristics  used  by 
the  original  authors  to  support  the  megatheriid 
division  are  as  follows:  tympanic  large  relative  to 
the  size  of  the  skull,  posterior  lacerate  foramen 
elongate  anteroposteriorly,  Eustachian  tube  di- 
rected ventrally  (a  feature  that  is  not  well  devel- 
oped in  the  Santacrucian  taxa),  and  epitympanic 
sinus  rough-walled,  the  latter  feature  observable 
only  in  Bradypus  and  Eremotherium.  We  might 
also  add  to  this  list  features  of  the  mallear  mor- 
phology discussed  in  the  auditory  ossicle  descrip- 
tions, namely  that  the  manubrium  forms  an  obtuse 
angle  with  the  neck  of  the  malleus  in  dorsal  view 
but  is  in  line  with  the  malleus  in  lateral  view. 

The  Santacrucian  taxa  Schismotherium  and  Pe- 
lecyodon  have  been  separated  from  the  other 
megatheres  into  their  own  group  in  the  systematics 
section  of  this  work.  This  arrangement,  coupled 
with  the  absence  in  these  genera  of  many  char- 
acters that  were  stated  in  the  text  as  characterizing 
the  entire  Bradypus/ Megatherium  division,  im- 
plies to  us  that  these  forms  were  intended  to  fall 
outside  the  other  megatheriids,  as  depicted  in  Fig- 
ure 24.  There  appears  to  be  little  support  for  join- 
ing these  two  taxa  into  a  monophyletic  group,  the 
only  character  given  being  the  presence  of  basi- 
occipital  tubera  (see  Descriptive  Anatomy:  The 
Schismotherium  Group),  a  feature  found  in  a  num- 
ber of  other  sloths.  This  is  the  relationship  sug- 
gested by  the  arrangement  of  the  systematics  sec- 
tion, however,  and  may  have  been  supported  by 
other  cranial,  postcranial,  or  dental  characteristics. 

The  remaining  taxa  in  this  family  are  split 
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roughly  into  two  subfamilies,  the  Megatheriinae 
and  the  Nothrotheriinae.  These  two  groups  would 
seem  to  form  a  monophyletic  group,  united  by  the 
following  auditory  characters:  stylomastoid  fora- 
men directed  posteriorly,  anterior  cms  of  the  tym- 
panic not  diverging  laterally  (as  in  the  Schismothe- 
rium  group),  ventral  portion  of  the  tympanic 
unattached  to  pterygoid  or  squamosal,  tympanic 
expanded  ventrally  and  medially  in  its  anterior 
portion,  tympanic  laterally  expanded,  and  audi- 
tory bulla  fully  ossified.  It  should  be  noted,  how- 
ever, that  the  latter  three  characters  are  not  present 
in  the  Santacrucian  members  of  the  Nothrothe- 
riinae. 

The  nothrotherines  are  grouped  together  with- 
out any  characters,  so  far  as  we  were  able  to  as- 
certain, that  support  their  monophyly.  The  audi- 
tory regions  of  Eucholoeops  and  Hapalops,  which 
are  placed  in  this  subfamily  by  the  original  au- 
thors, do  not  seem  to  us  markedly  different  from 
the  other  Santacrucian  forms,  save  perhaps  for  a 
somewhat  more  medially  expanded  tympanic  ring 
in  the  latter  genus.  It  may  be  that  this  is  another 
arrangement  based  on  the  morphology  of  other 
regions  of  the  animals  in  question.  The  monophyly 
of  Pronothrotherium  and  Nothrotheriops  is  better 
established,  based  on  the  shared  possession  of  a 
truly  bizarre  elongate  and  curved  vomerine  ridge, 
as  well  as  similarities  in  the  shape  of  the  glenoid. 
The  position  of  Bradypus  is  much  more  difficult 
to  elucidate.  Patterson  and  Pascual  (1968,  1972) 
show  Bradypus  as  having  been  derived  from  some- 
where within  the  Nothrotheriinae,  but  where  ex- 
actly it  goes  is  not  specified,  nor  is  it  specified 
anywhere  in  their  text.  Patterson  and  Segall  list 
several  similarities  between  Bradypus  and  Pro- 
nothrotherium, including  a  similar  relationship  be- 
tween the  tympanic  crura  and  the  squamosal,  as 
well  as  the  presence  of  a  large  mastoid  process. 
They  also  note  that  in  both  Bradypus  and  Noth- 
rotheriops the  entotympanic  extends  laterally  be- 
neath the  tympanic  at  its  anterior  end.  Because  of 
these  similarities,  we  have  tentatively  placed 
Bradypus  in  a  trichotomy  with  the  other  two  gen- 
era. We  would  like  to  mention  a  third  possibility, 
however,  a  sister-group  relationship  between 
Bradypus  and  the  megatherines.  The  work  of  Gau- 
din  ( 1 990)  strongly  supports  such  an  arrangement, 
based  not  only  on  the  shared  possession  of  a  rough- 
walled  epitympanic  sinus,  but  also  on  the  follow- 
ing characters:  tympanic  forms  a  posterior  wall  to 
the  glenoid,  ossified  auditory  meatus  present,  po- 
rus  circular,  tympanohyal  directed  posteromedi- 
ally,  and  tympanic  contact  with  the  pterygoid. 


Whether  one  chooses  to  place  Bradypus  in  the 
Nothrotheriinae  or  the  Megatheriinae,  its  separate 
derivation  from  the  other  extant  sloth  genus  Cho- 
loepus  is  a  remarkable  result  of  this  study.  More- 
over, this  study  provides  the  evidence  on  which 
this  suggestion,  put  forward  over  20  years  ago  by 
Patterson  and  Pascual  (1968),  was  based.  The  ev- 
idence it  provides  in  this  regard  is  nicely  supple- 
mentary to  that  compiled  by  Webb  (1985),  who 
also  allied  Bradypus  with  the  megatheriids. 

As  mentioned  in  the  Conclusions  of  Part  I,  it  is 
a  pity  that  this  body  of  information  was  not  pub- 
lished 25  to  30  years  ago.  With  its  broad  coverage 
of  auditory  anatomy  within  the  Xenarthra  and 
Palaeanodonta,  it  would  have  served  not  only  as 
as  an  important  source  of  information  for  those 
workers  interested  in  the  systematics  of  this  order 
in  particular,  e.g.,  Guth  (1961)  and  Engelmann 
(1985),  but  also  any  number  of  studies  concerned 
with  the  development  and  evolution  of  the  therian 
otic  region,  and  indeed  the  evolution  of  the  Theria 
itself.  The  study  suggests  a  number  of  novel  (at 
least  at  the  time  it  was  being  prepared)  changes  in 
xenarthran  systematics,  including  the  alliance  of 
glyptodonts  and  pampatheres,  the  diphyly  of  the 
Bradypodidae,  and  the  monophyly  of  the  Mega- 
lonychoidea,  and,  at  least  in  the  case  of  the  first 
two  hypotheses,  provides  important  and  hereto- 
fore unavailable  supporting  evidence  for  these  re- 
lationships. The  study  has  even  broader  implica- 
tions, providing  important  information  on  the 
relationship  of  palaeanodonts  and  xenarthrans  and 
the  relationship  of  the  Xenarthra  to  other  eutheri- 
an  orders.  Therefore  we  feel  certain  that  this  study, 
even  though  it  has  waited  some  30  years  for  pub- 
lication, will  still  serve  as  an  important  work  for 
students  of  mammalian  evolution  in  the  years  to 
come. 
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Appendix 


The  following  abbreviations  are  used  to  desig- 
nate institutions,  usually  in  relation  to  specimens: 


The  following  abbreviations  are  used  in  the  text, 
figures,  or  figure  captions: 


amnh  =  American  Museum  of  Natural 

History,  New  York. 

amnh  f:am  =  Frick  Collection,  American  Mu- 
seum of  Natural  History,  New 
York. 


FMNH 


IMNH 


LACMHC 


MCZ 


PU 


USGS 


USNM 


YPM 


Field  Museum  of  Natural  His- 
tory, Chicago  (prefix  P  indicates 
a  paleontological  specimen; 
numbers  lacking  a  prefix  indi- 
cate specimens  in  the  Recent 
mammal  collections). 

Idaho  Museum  of  Natural  His- 
tory, Idaho  State  University, 
Pocatello,  Idaho. 

George  C.  Page  Museum,  Los 
Angeles,  California. 

Museum  of  Comparative  Zool- 
ogy, Harvard  University,  Cam- 
bridge, Massachusetts. 

Princeton  University,  Prince- 
ton, New  Jersey. 

United  States  Geological  Sur- 
vey, Washington,  D.C. 

United  States  National  Museum 
of  Natural  History,  Smithsonian 
Institution,  Washington,  D.C. 

Peabody  Museum,  Yale  Uni- 
versity, New  Haven,  Connecti- 
cut. 


ant.  cms  tympanic  =  anterior  crus  of  the  tym- 
panic 

ant.  pr.  malleus  =  anterior  process  of  the  mal- 
leus 

a.v.c.  =  anterior  vertical  semicircular  canal 

b.o.  =  basioccipital 

car.  groove  =  groove  for  the  internal  carotid 
artery 

cond.  f.  =  condylar  or  condyloid  foramen 

crus  commune  of  a.v.c.  and  p.v.c.  =  crus  com- 
mune of  the  anterior  vertical  and  posterior 
vertical  semicircular  canals 

e.t.r.  =  epitympanic  recess 

ext.  orifice  of  canal  of  Huguier  =  external  orifice 
of  the  canal  of  Huguier  (a.k.a.  the  fissura 
Glaseri) 

fen.  cochleae  =  fenestra  cochleae 

f.  i.  pet.  sin.  =  foramen  for  the  inferior  petrosal 
sinus 

f.l.p.  =  foramen  lacerum  posterium 

f.m.  =  foramen  magnum 

fen.  ovalis  =  fenestra  ovalis 

f  sty.  =  stylomastoid  foramen 

fen.  vestibuli  =  fenestra  vestibuli 

o.  rec.  ept.  =  opening  into  the  epitympanic  re- 
cess 

porus  e.a.m.  =  porus  acousticus,  opening  of  the 
external  auditory  meatus 

post,  crus  tymp.  =  posterior  crus  of  the  tym- 
panic 

proc.  from  basioccipital  =  tympanic  process  of 
the  basioccipital 

pt.  =  pterygoid 

sulc.  tymp.  =  sulcus  tympanicum 

stmf.  =  stylomastoid  foramen 


The  dagger  symbol  (f)  is  used  to  indicate  that 
the  two  senior  authors  are  deceased;  in  systematic 
references,  the  dagger  designates  an  extinct  taxon. 
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Other  Fieldiana:  Geology  Titles  Available 

Literature  of  the  Receptaculitid  Algae:  1805-1980.  By  Matthew  H.  Nitecki,  Kxistine  L.  Bradof,  and 
Doris  V.  Nitecki.  Fieldiana:  Geology,  n.s.,  no.  16,  1987.  215  pages. 

Publication  1380,  $24.00 

The  Mammalian  Fauna  of  Madura  Cave,  Western  Australia.  Part  VII:  Macropodidae:  Sthenurinae, 
Macropodinae,  with  a  Review  of  the  Marsupial  Portion  of  the  Fauna.  By  Ernest  L.  Lundelius,  Jr., 
and  William  D.  Turnbull.  Fieldiana:  Geology,  n.s.,  no.  17,  1989.  71  pages,  21  illus.,  21  tables. 

Publication  1399,  $15.00 

The  Ear  Region  in  Xenarthrans  (=  Edentata:  Mammalia).  Part  I.  Cingulates.  By  Bryan  Patterson,  Walter 
Segall,  and  William  D.  Turnbull.  Fieldiana:  Zoology,  n.s.,  no.  18,  1989.  46  pages,  17  illus. 

Publication  1405,  $13.00 

A  Preliminary  Survey  of  Fossil  Leaves  and  Well-Preserved  Reproductive  Structures  from  the  Sentinel 
Butte  Formation  (Paleocene)  near  Almont,  North  Dakota.  By  Peter  R.  Crane,  Steven  R.  Manchester, 
and  David  L.  Dilcher.  Fieldiana:  Geology,  n.s.,  no.  20,  1990.  63  pages,  36  illus.,  1  table. 

Publication  1418,  $13.00 

Protoptychus  hatcheri  Scott,  1895.  The  Mammalian  Faunas  of  the  Washakie  Formation,  Eocene  Age, 
of  Southern  Wyoming.  Part  II.  The  Adobetown  Member,  Middle  Division  (=  Washakie  B),  Twka/2 
(In  Part).  By  William  D.  Turnbull.  Fieldiana:  Geology,  n.s.,  no.  21,  1991.  33  pages,  12  illus.,  6  tables. 

Publication  1421,  $13.00 

A  Catalogue  of  Type  Specimens  of  Fossil  Vertebrates  in  the  Field  Museum  of  Natural  History.  Classes 
Amphibia,  Reptilia,  Aves,  and  Ichnites.  By  John  Clay  Bruner.  Fieldiana:  Geology,  n.s.,  no.  22,  1991. 
51  pages,  1  illus. 

Publication  1430,  $15.00 


Order  by  publication  number  and/or  ask  for  a  free  copy  of  our  price  list.  All  orders  must  be  prepaid. 
Illinois  residents  add  current  destination  tax.  All  foreign  orders  are  payable  in  U.S.  dollar-checks  drawn 
on  any  U.S.  bank  or  the  U.S.  subsidiary  of  any  foreign  bank.  Prices  and  terms  subject  to  change  without 
notice.  Address  all  requests  to: 

FIELD  MUSEUM  OF  NATURAL  HISTORY 

Library— Publications  Division 

Roosevelt  Road  at  Lake  Shore  Drive 

Chicago,  Illinois  60605-2498,  U.S.A. 


Field  Museum  of  Natural  History 
Roosevelt  Road  at  Lake  Shore  Drive 
Chicago,  Illinois  60605-2496 
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